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TiTR  main  purpose  of  the  present  work  is  to  be  a  handy  book  of 
reference  for  draughtsmen  engaged  chiefly  in  Topographical  Drawings. 
But  to  have  limited  its  use  to  one  class  of  draughtsmen,  and  especially 
to  the  skilled  members  of  that  class,  would  have  necessitated  the 
discovery  of  more  cogent  reasons  for  its  publication  than  its  author  has 
yet  been  able  to  adduce.  Works  of  such  a  character  exist  already,  and 
though  their  imperfections  are  numerous,  they  fulfil  their  purpose  in  a 
fairly  satisfactory  manner.  But  had  the  field  been  clear  in  this 
direction,  it  is  so  restricted  in  extent  that  to  have  entered  upon  it 
would  have  been  to  undertake  a  labour  that  promised  little  fruit,  for 
such  a  work  could  be  only  of  small  utility  even  to  those  for  whom  it 
was  specially  intended.  It  was,  therefore,  determined  to  make  the 
present  handbook  generally  useful  by  giving  it  a  much  wider  scope. 
And  hence,  if  the  intention  has  been  efficiently  carried  out,  it  may 
claim  a  place  in  every  drawing  office,  be  it  that  of  the  Topographer, 
the  Hydrographer,  the  Surveyor,  the  Military,  Civil,  or  Mechanical 
Engineer,  or  the  Architect.  Whether  or  not  this  degree  of  success 
has  been  achieved,  is  not  for  the  author  to  judge.  But  sliould  he  have 
failed  to  reach  tlie  liigli  mark  at  which  he  has  aimed,  he  hopes,  with 
some  degree  of  confidence,  that  he  has  at  least  succeeded  in  producing 
a  book  which  the  experienced  draughtsman  will  find  valuable  as  a 
book  of  reference,  and  which  the  pupil  may  constantly  consult  with 
profit.  A  want  has  long  been  felt  by  draughtsmen  for  some  work  of 
this  kind  to  which  they  might  refer  their  pupils  in  the  office,  and  it 
may  not  be  presumptive  to  suppose  that  the  present  work  has  supplied 
that  want.      To  render  it  convenient  for  this  twofold  purpose,  it  has 
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been  divided  into  two  parts.  In  the  first  part  the  principles  and  prac- 
tices of  the  art  liave  been  clearly  but  briefly  explained  and  illustrated  ; 
while  in  the  second  part,  the  application  of  the  principles  previously 
learned  has  been  treated  of,  and  such  information  given  as  relates 
directly  to  the  duties  of  the  practitioner. 

Of  course,  in  a  work  of  the  present  character,  originality  in  the 
matter  is  neither  to  be  expected  nor  desired ;  enough  if  the  manner 
shows  some  novelty,  and  is  such  as  to  add  value  to  the  matter. 

Although  the  preparation  of  maps  and  plans  has  received  the 
chief  sliare  of  attention,  engineering,  architectural,  and  mechanical 
drawings  have  been  largely  treated  of.  Projection,  orthographic, 
isometric  and  perspective,  has  been  altogether  omitted  as  beyond  the 
scope  of  the  work ;  but  Colouring  and  Shading  have  been  fully  con- 
sidered and  profusely  illustrated. 

The  Plates  appended  as  examples  for  reference  are  numerous 
and  varied  in  character  ;  they  have  been  specially  prepared  by 
B.  Alexander,  to  whom  the  author  offers  his  warmest  thanks  for  the 
truly  admirable  manner  in  which  he  has  executed  the  work  entrusted 
to  him. 


10,  Cravex  Street,  CrTARixo  Cross, 
September  7th,  1874. 
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PART  I  — TlIE  ESSENTIAL  ELEMENTS. 

Section  I. — The  Draavixg  Office  axd  its  Furxishings. 

There  are  few  occupations  so  dependent  for  their  correct  performance 
upon  minute  matters  of  detail  as  that  of  tlie  draughtsman.  Things 
apparently  the  most  trivial  are  sufficient  to  render  inaccurate  or  to 
mar  the  appearance  of  the  otlierwise  most  carefidly  and  skilfully 
executed  design,  and  as  the  value  of  a  drawing  depends  wholly  upon 
its  accuracy  and  its  appearance,  it  is  obvious  that  such  matters  of 
detail,  however  trivial  they  may  be  in  themselves,  demand  careful 
attention.  We  have,  therefore,  deemed  it  desirable  to  preface  our 
remarks  on  Plan  and  Map  Drawing  witli  a  brief  description  of  the 
instruments  and  materials  required,  and  of  the  mode  of  using  them 
which  experience  has  shown  to  be  the  best. 

The  Draimnr/  Office. — The  first  essentials  of  a  room  for  di-awing 
in  are — that  it  shall  be  quite  free  from  damp  and  be  well  lighted. 
The  position  of  the  windows  is  a  matter  of  some  importance,  and 
though  persons  have  largely  to  accommodate  themselves  to  circum- 
stances in  this  respect,  it  is  desirable  to  know  what  are  the  most 
suitable  conditions,  in  order  that  they  may  be  complied  with  as  far  as 
circumstances  permit.  Skylights  are  unsuitable,  because  the  light 
entering  from  above  is  liable  to  be  intercepted  by  the  body,  and 
especially  by  the  hands  of  the  draughtsman ;  besides  which,  the  light 
from  a  skylight  is  seldom  sufficient.     For  the  same  reasons,  a  window 
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placed  very  high  in  the  room  is  ohjectiona])le.  When  possible,  a 
western  aspect  is  to  be  preferred,  as  the  liglit  from  this  direction  is 
less  variable  and  lasts  later  in  the  day  tlian  from  other  directions. 
Blinds  of  some  kind  are  necessary  to  modify  tlie  light  when  the  sun 
shines  directly  upon  the  window.     Gaslights  should  be  situate  about 

3  feet  above  the  drawing  table,  and  there  should  be  two  burners, 
|)laced  not  less  than  2  feet  apart,  as  otherwise  the  hands  and  the 
instruments  will  cast  shadows  which  will  prevent  line  lines  and  points 
from  beinff  seen. 

Tlie  drawing  table  should  be  placed  under  the  window ;  it  should 
have  a  breadth  of  about  2  feet  G  inches,  and  its  lieight  should  be  3  feet 
8  inches  at  the  back  and  3  feet  6  inches  at  the  front.  The  front  edge 
shoidd  be  rounded  over. 

Dusters  and  means  for  w^asliing  the  hands  must  also  be  provided, 
as  it  is  requisite  to  frequently  dust  the  paper  and  the  instruments,  and 
to  keep  the  hands  perfectly  clean. 

Instruments. — All  drawing  instruments  should  bo  of  the  best 
workmanship,  for  it  is  impossible  to  obtain  accuracy  with  imperfect 
tools,  and  they  must  be  kept  in  order  by  careful  handling.  For 
all  kinds  of  drawing,  compasses  of  three  sizes  are  required,  the 
ordinary  compass,  the  bows,  and  the  spring  bows.  The  best  compasses 
are  those  which  are  sector-jointed.  The  points  should  be  kept  suffi- 
ciently sharp  not  to  slip  on  the  paper,  but  not  so  sharp  as  to  readily 
penetrate  it.  It  is  also  important  that  the  points  be  thin  and  round, 
as  otherwise,  when  several  arcs  have  to  be  struck  from  the  same 
centre,  the  compass  leg  is  apt  to  make  a  large  hole,  wdiich  is  utterly 
destructive  of  accuracy.  The  pencil  leg  should  be  kept  exactly  equal 
in  length  to  the  steel  leg,  for  true  circles  cannot  be  drawn  when  one 
leg  is  shorter  tlian  tlie  other.  In  removing  the  movable  leg,  care 
should  be  taken  to  draw  it  straight  out,  as  nothing  spoils  the  instru- 
ment so  soon  as  wrenching  the  leg  from  side  to  side.  In  using  the 
compasses,  the  instrument  should  be  held  lightly  between  the  thumb 
and  the  forefinger  only.  It  should  not  be  pressed  upon  the  paper; 
but  it  slmuld  rest  equally  upon  both  points.     If  tlie  weight  of  the 


THE    ESSKN'IIAI.    KLKMENTS.  3 

hand  be  thrown  u})on  (lie  instrument  the  points  will  penetrate  the 
paper.  Care  should  also  be  taken  to  bend  the  joints  so  as  to  keep 
both  leg's  perpendicular  to  the  p;iper.  If  attention  be  not  g'iven  to 
this  matter,  the  steel  leg  will  make  a  large  hole  in  the  i)a|)(.'r,  and 
the  ink  leg  will  make  a  ragged  line,  because  only  one  of  the  niljs  will 
touch. 

Next  in  importance  to  the  compass,  and  of  more  frequent  use,  is 
the  diawing  pen.  The  draughtsman  should  possess  at  least  two  of 
these  instruments,  one  for  fine,  and  another  for  medium  lines.  When 
the  proper  opening  of  the  nibs  for  fine  lines  has  once  been  obtained, 
it  is  desii'able  not  to  change  it;  the  pen  can  always  be  cleaned  by 
passing  a  piece  of  drawing  paper  between  the  nibs.  The  cleaning 
of  the  pen  should  be  carefully  attended  to ;  it  should  never  be  put 
away  without  having  every  particle  of  dried  ink  removed  from  it ; 
and  frequently,  while  in  use,  it  should  be  wiped  out  to  remove  the 
dust,  which  is  constantly  settling  in  it,  as  well  as  the  particles  of  lead 
that  are  taken  up  from  the  paper.  The  ink  is  supplied  by  breathing 
between  the  nibs  and  dipping  them  in  the  liquid,  or  by  means  of  a 
camel's  hair  brush.  When  the  latter  method  is  adopted,  care  should 
be  taken  to  protect  the  brush  from  the  dust  floating  in  the  atmo- 
sphere of  the  room. 

After  considerable  wear,  the  drawing  pen  will  require  setting. 
The  operation  of  setting  requires  some  judgment  and  consideralile 
practice,  and  is  one  of  those  mechanical  niceties  which  it  is  difficult 
to  describe.  Generally  it  will  be  found  advantageous  to  have  the  pen 
set  by  an  instrument  maker.  As,  however,  this  resource  is  not  always 
at  hand,  it  is  desirable  that  the  draughtsman  should  be  able  to  set  his 
own  pen.  The  following  description  of  the  operation  given  ly  AV. 
Binns,  in  his  admirable  w^ork  on  Projection,  is  the  best  we  have  seen. 
"  The  nibs  must  be  precisely  of  the  same  length,  rounded  in  two 
directions,  and  as  sharp  as  it  is  possible  to  make  them  without  pro- 
ducing to  the  touch  a  sensation  of  cutting,  and  without  scratching  the 
surface  of  the  paper  when  drawing  a  line,  which  is  generally  the  case 
when  one  nilj  is  lunger  than  the  other.      This   iiTCLcnlarity  may  be 

B  2 
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detected  by  placing  alternately  the  sides  of  the  pen  at  an  acute  angle 
with  the  forefinger,  and  slipping  the  edge  of  the  nail  over  the  point, 
when  the  difference  in  length  will  be  at  once  perceived ;  and  it  may 
be  reduced  by  drawing  a  few  lines,  as  it  were,  on  a  turkey  stone, 
with  the  pen  applied  to  the  edge  of  a  set  square  in  the  same  manner 
as  if  drawing  lines  upon  paper,  but  with  this  difference,  that  during 
the  longitudinal  motion  of  the  pen  the  handle  must  be  turned  over  in 
a  circular  manner,  so  as  to  give  a  rounded  form  to  the  point  of  the 
pen.  If  the  pen  bo  now  held  with  the  point  directed  towards  the 
eye,  and  gently  moved  about  so  as  to  catch  the  angle  of  reflexion,  a 
bright  speck  on  one  or  both  nibs  wall  bo  observed,  which  must  be 
reduced  by  rubbing  the  pen  to  and  fro  upon  the  stone,  giving  at  the 
same  time  a  slight  rotary  motion  to  the  handle,  which  must  be  held 
at  an  angle  of  about  20°  with  the  face  of  the  stone :  the  point  of  the 
pen  being  examined  from  time  to  time,  and  the  process  of  reducing 
the  bright  specks  continued  until  the  point  is  as  fine  as  can  be  used 
without  cutting  or  scratching  the  paper.  If  at  this  stage  the  two 
nibs  are  of  the  same  length,  a  perfectly  solid  and  fine  line  can  be 
drawn.  The  beginner,  however,  must  not  be  disappointed  if  sixty 
minutes  are  thus  expended  before  he  can  produce  a  satisfactory  result ; 
whereas  two  minutes  in  the  hands  of  a  practitioner  would  suffice." 

The  instrument  most  frequently  in  the  hands  of  the  draughtsman 
is  the  lead  pencil.  These  are  required  of  various  degrees  of  hardness, 
but  for  lines  that  are  to  be  ruled  an  HH  is  the  best.  The  most  suit- 
able qualities  of  lead  are  those  which  are  the  most  easily  rubbed  out ; 
these  qualities  are  sometimes  gritty,  but  this  defect  is  more  than  com- 
pensated by  the  facility  with  which  a  line  may  be  removed  from  the 
paper.  There  is  some  art  in  cutting  a  pencil  properly.  If  the  point 
is  intended  for  sketching,  it  should  be  cut  equally  from  all  sides,  so  as 
to  produce  a  perfectly  acute  cone.  But  for  line-drawing  a  flat  or 
chisel  point  should  always  be  used.  This  point  is  much  stronger,  and 
will  last  much  longer  than  the  cone  point.  To  produce  the  chisel 
point,  first  cut  the  pencil  from  two  sides  only  with  a  long  slope,  and 
afterwards  cut  the  other  sides  away  only  just  sufficiently  to  round  the 
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first  edge  a  little.  Tlii.s  «ido  wood  is  needed  bolli  to  aiTord  a  support 
to  the  lead,  and  to  show  in  what  direction  tlie  point  stands.  To  avoid 
breaking  the  lead,  the  knife  should  be  held  at  an  acute  angle  with  it. 
A  point  cut  in  tliis  manner  may  be  kej)t  in  order  for  s(jme  time  \>y 
rubbing  it  upon  a  fine  file  or  upon  a  piece  of  glass-paper  or  fine  sand- 
stone. 

Of  the  other  instruments  used  in  drawing,  nothing  need  Ijc  said 
in  this  work,  as  their  use  presents  no  dilKculties.  It  may,  however, 
be  well  to  remark  tliat  no  straight-edge  employed  for  ruling  lines 
should  be  less  than  a  fourteenth  of  an  inch  thick,  for  if  the  edge  be 
very  thin,  it  will  be  impossible  to  prevent  the  ink  from  escaping  from 
the  pen  on  to  it. 

Materials. — The  drawing  papers  known  as  Whatman's  are  tlie 
best  prepared  of  any  obtainable,  and  they  are  almost  universally 
employed.  Of  these  there  are  two  kinds,  the  smooth  and  the  rough ; 
the  former  is  technically  called  not  ^^aper,  and  is  the  more  suitable  for 
mechanical  and  architectural  drawings ;  the  rough  is  more  effective 
for  perspectives  and  Gothic  elevatiorls.  A  third  kind  is  known  as  the 
hot-pressed,  but  as  it  does  not  take  colour  so  well  as  the  not  and  the 
rough,  it  is  not  often  used.  The  various  sizes  are  indicated  by  their 
names,  which  are  the  following  : — 

Antiquarian 53     X  31    inches. 

Atlas       3t     X  26  „ 

Columbier       31i   x  23i  „ 

Demy      20     x  15  „ 

Double  Elephant 40     x  2CiI  „. 

Elephant         28     x  23  „ 

Emperor 08     x  48  „ 

ImiJerial 30     x  22 

Medium 225   x  17  „ 

Koyal      24     x  19}  „ 

Super  Eoyal 27i   x  19.^  „ 

The  sizes  considered  best,  and  almost  universally  used  for  en- 
gineering and  architectural  drawings,  are  the  elephant,  the  double 
elephant,  and  the  imperial.  If  smaller  sizes  are  required,  the  half  or 
quarter  sheet  is  used.  Antiquarian  has  generally  a  good  surface  to 
draw  upon,  and  it  is  preferred  by  some  architects.     The  atlas  is  also  a 
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very  good  paper.  Besides  the  foregoing,  there  is  the  machine-made 
or  cartridge  paper,  which  is  very  commonly  employed  for  detail  draw- 
ings. It  has  not  so  good  a  surface  as  iha  other  kinds,  nor  is  it  so 
wliite  ;  its  chief  advantage  is  found  in  its  dimensions,  it  being  made 
uniformly  53  inches  wide  and  continuous.  Hence  the  exact  length 
recpiired  may  be  obtained.  For  large  plans  and  competition  drawings, 
either  cartridge  or  emperor  paper  is  used. 

Paper  that  is  to  receive  an  elaborate  drawing  must  be  stretched 
and  glued  to  tlio  board.  This  operation  is  one  requiring  a  little 
skill  and  some  practice  to  perform  successfully.  The  following  is  the 
best  manner  of  proceeding.  The  sheet  to  be  strained  is  laid  face 
ujDward  upon  the  board,  and  a  wet  sponge  is  passed  rapidly  along  the 
margins,  and  then  across  the  face,  including  the  margins,  until 
the  whole  surface  is  sufficiently  and  uniformly  wetted.  The  object 
of  wetting  the  margins  first  is  to  prevent  cockling  by  allowing  them 
a  longer  time  to  expand  in  than  the  middle  of  the  paper.  The  sheet 
must  now  be  left  for  about  ten  minutes,  or  until  the  wet  gloss  has 
entirely  disappeared.  The  process  of  glueing  to  the  board  is  as 
follows.  A  straight-edge  is  laid  along  one  end  of  the  sheet,  and 
about  f  of  an  inch  of  the  margin  is  turned  up  against  it,  and  glued 
by  means  of  a  brush.  The  margin  is  then  turned  down  and  rubbed 
quickly  with  a  knife-handle  or,  still  better,  a  paper-knife.  The 
ojoposite  end  of  the  sheet  is  next  pulled  outwards  and  glued  in  the 
same  way,  and  the  same  method  is  afterwards  applied  to  the  top  and 
bottom  margins.  Some  draughtsmen  prefer  to  glue  down  the  adjoin- 
iufj  edges,  but  generally  it  will  be  found  that  laying  down  successively 
opposite  edges  will  give  more  satisfactory  results.  The  contraction  of 
the  paper  in  drying  should  leave  the  face  quite  flat  and  solid.  During 
the  process  of  drying,  it  is  important  to  keep  the  board  in  a  perfectly 
horizontal  position,  as  otherwise  the  water  will  gravitate  towards  the 
lower  side  and  soften  the  glue,  and  as  the  sheet  will  dry  unequally, 
the  lower  edge  will  break  away. 

The  thinner  the  glue  used  the  better,  and  for  this  reason  the  best 
quality  shoidd  be  obtained,  and  care  should  be  taken  to  keep  the 
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water  supplied  tliat  is  lost  by  evaporation.  When  it  becomes 
necessary  to  replenish  the  glue-pot,  the  cake  should  be  soaked  in  cold 
water  lor  at  least  eight  hours. 

The  removal  of  a  drawing  from  the  board  presents  no  difficulty. 
A  pencil  line  is  drawn  along  the  margin  at  a  sufficient  distance  from 
the  edge  to  be  clear  of  the  glue,  and  a  pen-knife  is  guided  along  tin's 
line  by  a  straight-edge  not  used  for  drawing. 

As  duplicates  of  drawings,  especially  if  they  be  working  diTiw- 
ings,  are  usually  tracings,  tracing  paper  is  an  important  material  in 
every  drawing  office.  It  is  too  well  known  to  need  a  description.  It 
is  sold  in  various  sizes,  and  of  various  prices,  but  the  most  usual  sizes 
are  30  x  20  inches,  and  40  x  30  inches,  the  price  of  the  former  being 
3(/.  and  that  of  the  latter  Gd.  a  sheet.  It  may  also  be  purchased  in 
continuous  lengths  of  24  yards,  42  inches  wide,  for  about  85.,  or  if 
extra  stout,  1  Gs.  A  much  less  expensive  mode  of  obtaining  tracing 
paper  is  to  make  it  one's  self.  Common  silk  or  tissue  paper  may  be  pur- 
chased in  quantities  at  less  than  a  halfpenny  a  sheet  of  the  ordinary  size. 
This  may  be  prepared  by  placing  a  single  sheet  at  a  time  flat  upon  a 
board  or  other  smooth  horizontal  surface,  and  aj)plying  a  mixture  of 
boiled  linseed  oil  and  turpentine.  This  mixture  should  be  composed 
of  one  part  of  oil  to  five  of  turpentine,  and  it  should  be  applied  with 
a  small  sponge.  One  coating  is  sufficient,  and  it  should  not  be  put  on 
too  thickly.  Each  sheet  as  prepared  should  be  hung  over  a  string 
stretched  across  the  room  to  dry,  and  when  all  the  clear  oily  marks 
have  entirely  disappeared,  it  will  be  ready  for  use.  Five  gills  of 
turpentine  and  one  of  oil  is  enough  for  two  quires  of  double-crown 
tissue  paper.  That  tracing  paper  is  best  which  is  toughest,  most 
transparent,  and  most  free  from  greasiness.  The  continuous  papers 
are  more  economical  than  those  in  sheets,  because  just  the  quantity 
rec^uired  can  always  be  taken  from  the  roll.  For  durability,  tracing 
cloth  is  to  be  recommended ;  it  is  sold  in  continuous  lengths  of 
24  yards,  and  it  may  be  had  from  18  inches  to  41  inches  in  width. 
That  known  as  "  Sager's  vellum  cloth"  is  of  excellent  (piality,  both 
for  transparency  and  strength. 
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Some  kinds  of  drawings,  such  as  specifications  for  Letters  Patent, 
plans  upon  deeds,  &c.,  have  frequently  to  be  made  upon  parchment. 
Special  kinds  of  parchment  can  be  obtained  for  these  purposes.  There 
is  a  kind  made  which  is  quite  transparent,  and  which  can  be  purchased 
cut  to  the  Patent  Office  regulation  size.  As  parchment  has  always  a 
more  or  less  greasy  surface,  before  commencing  to  ink  or  to  colour,  it 
should  be  pounced  over  with  pouncet  of  finely-powdered  French  chalk. 
Besides  this  precaution,  it  will  be  necessary  to  add  a  little  ox-gall  to 
the  ink  or  colour. 

Blacklead  and  carbonic  paper  are  used  to  transfer  a  drawing.  Tlie 
former  is  prepared  by  rubbing  thin  paper  over  with  a  soft  block  of 
Cumberland  lead ;  the  latter  by  painting  one  side  of  the  paper  with 
lamp-black  ground  to  perfect  fineness  in  slow  drying  oil.  Carbonic 
paper  is  used  for  coarser  work  than  blacklead  paper.  Both  may  be 
purcliased,  properly  prepared,  at  a  trifling  cost.  The  drawing  to 
be  copied  is  laid  over  the  sheet  of  paper  wdiicli  is  to  receive  the  copy, 
with  a  sheet  of  the  blacklead  or  carbonic  paper  interposed,  and  a 
tracer  is  passed  with  a  light  pressure  over  the  lines.  This  method  is 
mostly  used  to  reproduce  a  drawing  from  a  tracing,  to  obtain  a 
finished  copy  from  a  rough  draught  that  has  become  soiled  and 
marked  in  designing,  or  to  avoid  errors  or  small  alterations  in  the 
first  drawing. 

A  very  convenient  kind  of  paper  for  small  working  drawings,  or 
for  sketching  to  scale,  is  that  known  as  sectional  paper.  This  is  paper 
ruled  into  small  squares  to  a  given  scale  with  pale  ink.  The  s^Daces  in 
ordinary  use  are  7^?  8^  i?  h  ^^^  i  ^^^^^-  Thicker  lines  are  drawn  either 
to  mark  off  the  inches  or  to  count  the  spaces  in  tens.  With  this 
paper,  the  scale  may  be  dispensed  with,  as  the  eye  is  capable  of  sub- 
dividing the  spaces  with  sufficient  accuracy  for  practical  purposes. 
Sectional  paper  is  much  used  for  sections  of  railway  cuttings  and 
embankments,  as  it  affords  a  ready  means  of  calculating  the  contents. 
It  is  also  made  up  into  sketching  books  and  architects'  pocket-books, 
for  which  purposes  it  is  peculiarly  convenient. 

Indian  ink  is  used  for  all  kinds  of  geometrical  drawings.     Being 
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free  from  acid,  it  does  not  corrode  the  steel  points  of  the  instruments, 
and  it  preserves  its  colour  nnchanged.  It  is  difliciilt  to  get  the 
genuine  ink,  but  even  that,  as  it  is  imported  from  China,  varies 
considerably  in  quality.  For  line-drawing,  that  is  the  best  quality 
which  will  wash  up  least  when  other  colours  are  passed  over  it.  This 
quality  is  ascertained  in  the  trade,  though  not  with  absolute  certainty, 
by  breaking  off  a  small  portion.  If  it  be  of  the  right  quality,  it  will 
show  a  very  bright  and  almost  prismatic-coloured  fracture. 

The  ink  is  prepared  for  use  by  rubbing  it  with  water  on  a  slab  or 
in  a  saucer.  The  saucer  should  be  quite  smooth  inside,  so  as  not  to 
abrade  the  ink.  When  mixed  to  the  requisite  thickness,  which  may 
be  ascertained  by  drawing  a  line  with  a  common  pen,  it  should  be 
covered  to  protect  it  from  the  particles  of  dust  floating  about  the 
room.  Ink  should  be  rubbed  up  perfectly  black,  for  pale  ink  makes 
the  boldest  drawing  look  weak.  But  after  it  has  become  black,  any 
further  mixing  will  only  injure  it  by  rendering  it  viscid.  It  is  best 
to  use  it  immediately  after  it  is  mixed,  for  if  re-dissolved,  it  becomes 
cloudy  and  irregular  in  tone.  The  addition  of  a  little  ox-gall  will 
make  it  flow  more  freely  from  the  pen. 

For  erasing  Cumberland  lead-pencil  marks,  native  or  bottle  india- 
rubber  is  sufficient;  but  for  other  kinds  of  pencils,  fine  vulcanized 
indiarubber  is  better.  This,  besides  being  a  more  powerful  eraser, 
possesses  the  important  quality  of  keeping  clean,  as  it  frets  away  with 
the  friction  of  rubbing,  and  thus  presents  a  continually  renewed  sur- 
face.    Vulcanized  rubber  is  also  very  useful  for  cleaning  off  drawings. 

Precautions  and  Remarhs. — It  is  essential  to  the  good  appearance 
of  a  drawing  that  the  paper  be  preserved  perfectly  clean.  The  hands 
especially  should  be  kept  as  much  as  possible  from  resting  on  it,  as 
the  perspiration  makes  it  greasy,  and  when  once  it  has  acquired  this 
defect,  clear,  sharp  lines  become  impossible.  A  sheet  of  clean  2^'"iper 
should  be  constantly  interposed  between  the  draughtsman's  hands  and 
the  drawing  upon  which  he  is  working.  Brown  or  printed  paper  is 
unfit  for  this  purpose,  as  the  former  is  either  greasy  or  tarry,  and  the 
latter  is  apt  to  soil  from  the  printed  matter.     White  paper  can  be 
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had  of  large  size,  or,  if  necessary,  several  sheets  may  be  pasted 
together. 

To  prevent  risk  of  smearing  the  lines  when  inking  in,  it  is  well 
to  begin  at  the  top  of  the  drawing  and  to  work  downwards,  also  from 
the  right  to  the  left  for  vertical  lines.  The  ink  slab  or  saucer  should 
be  kept  on  one  side  and  never  in  front  of  the  drawing.  Should  a 
drawing  get  a  grease  spot,  it  may  be  removed  by  the  application  of  a 
hot  smoothing  iron  to  a  piece  of  clean  blotting-paper  laid  over  the 
spot,  but  not  sufficiently  to  be  coloured  over. 

Great  care  should  be  taken  to  correctly  place  the  centre  lines  of  a 
drawing;  these  lines  should  be  drawn  very  fine  and  distinct.  In 
working  drawings  the  centre  lines  are  of  great  importance,  as  the 
dimensions  are  always  measured  from  them ;  in  such  cases  it  is 
customary  to  draw  them  in  red  or  blue  colour.  In  all  cases  where 
a  plane  figure  is  symmetrical  with  respect  to  a  given  line,  whether 
the  line  exists  in  the  figure  or  may  be  considered  as  existing  in 
it,  that  line  should  be  drawn  first,  and  such  a  line  is  known  as 
a  centre  line. 

The  centres  of  all  arcs  should  be  marked  for  the  ink  compasses 
at  the  time  the  arc  is  struck  by  the  pencil,  by  placing  a  small  hand- 
drawn  circle  around  it.  It  is  also  necessary  to  mark  distinctly  by 
short  intersecting  straight  lines  the  exact  points  at  which  the  arc 
begins  and  ends.  When  a  number  of  concentric  circles  have  to  be 
struck,  the  smaller  ones  should  be  struck  first,  as  it  is  more  difficult 
when  the  hole  in  the  paper  becomes  enlarged  to  draw  a  small  circle 
than  a  large  one. 

Whenever  it  is  practicable,  lines  should  be  drawn  from  a  given 
point  rather  than  to  it ;  and  if  there  are  several  points  in  one  of 
which  two  or  more  lines  meet,  the  lines  should  be  drawn  from  that 
one  to  the  others ;  thus,  for  example,  radii  should  be  drawn  from  the 
centre  to  the  points  in  the  circumference  of  a  circle.  When  a  point 
has  to  be  determined  by  the  intersection  of  circular  arcs  or  straight 
lines,  these  should  not  meet  at  an  angle  less  than  30°.  In  dividing  a 
line  into  a  number  of  parts,  instead  of  setting  off  the  part  repeatedly 
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along  tlie  line,  it  is  Letter  to  set  off"  a  convenient  multiple  of"  the 
given  part,  and  suLdivido  it;  that  i«,  to  work  from  the  whole  to 
the  i)arts,  rather  than  from  the  party  to  the  whole.  This  is  an 
important  principle  in  surveying  as  well  as  in  plan  drawing,  and  in 
the  construction  of  scales  it  ought  always  to  be  observed. 

Ink  lines  should  never  be  erased  with  a  knife,  nor  should  an  ink- 
eraser  be  used,  especially  if  the  drawing  is  to  be  coloured.  A  needle 
point  will  take  out  a  short  line  in  a  way  that  leaves  little  trace  of  the 
error.  A  very  good  means  of  taking  out  a  line  is  furnished  by  a 
piece  of  Oakey's  No.  1  glass-paper  folded  several  times  until  it 
presents  a  round  edge ;  the  application  of  this  leaves  the  surface  of 
the  paper  in  a  much  better  condition  for  drawing  upon  than  it  is  left 
in  by  the  knife.  When  the  drawing  is  to  be  coloured,  it  is  best  to 
wash  out  a  wrong  line  with  a  small  hard  brush,  and  to  slightly  sponge 
over  the  place  through  a  hole  of  the  requisite  size  cut  in  a  scrap  of 
drawing  paper,  to  save  the  other  parts  of  the  di'awing.  When  a  line  has 
been  drawn  a  little  beyond  the  point  at  wliicli  it  should  terminate,  it 
will  generally  be  found  better  to  avoid  erasure  by  laying  a  little 
C'hinese  white  over  the  line  with  a  fine  sable-brush.  Sometimes, 
when  erasures  are  unavoidable  upon  a  drawing  that  is  to  be  coloured, 
it  will  be  found  expedient  to  take  the  surface  oft'  the  whole  of  the 
paper  with  glass-paper,  the  colour  will  then  flow  equally. 

In  copying  from  a  tracing,  it  is  well  to  put  a  sheet  of  drawing 
paper  underneath  the  tracing,  for  it  not  only  shows  up  the  lines  more 
distinctly,  but  it  prevents  the  dividers  from  tearing  the  drawing  while 
taking  off  measurements. 

Before  connnencing  a  drawing,  a  cutting-off"  line  should  be 
drawn  all  round  the  sheet  clear  of  the  glued  portion.  The  portions 
outside  of  this  line  are  useful  to  try  the  drawing  pen  uj^on  before 
drawing  a  line,  or  for  trying  a  tint  when  colouring.  Care  should  l)e 
taken  not  to  leave  too  narrow  a  margin,  for  nothing  detracts  more 
from  the  appearance  of  a  good  drawing.  For  a  drawing  occupying 
a  space  of  1  foot  or  15  inches  square  over  all,  there  should  be  a 
margin  of  at  least  5  inches  all  romid,  with  the  border  line  from  l^  to 
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2  inches  from  the  cut-off  line.  Other  sizes  sliould  be  in  proportion. 
This  rule  is  given  by  Maxton  in  his  '  Engineering  Drawing,'  who  also 
has  the  following  remarks  on  cutting  off  and  preserving  drawings. 
"  The  opposite  side  should  never  be  cut  first,  for  if  so  cut,  upon  nearly 
completing  the  cutting  of  the  third  side  the  paper  undergoes  con- 
traction, and  the  fourth  side  pulling  against  it,  is  apt  to  snap  off  the 
remaining  inch  or  so,  and  generally  in  towards  the  sheet,  seldom  in 
the  margin  on  the  outside  of  the  cutting-off  line.  The  sheet  should  be 
cut  off  all  round,  taking  care,  by  applying  the  knife-blade  under  the 
edge  of  the  sheet,  that  it  is  free  from  the  board  before  proceeding  to 
cut  off  the  side  or  end  adjoining.  When  the  sheet  has  been  removed, 
the  strips  of  drawing  paper  left  on  the  board  should  be  simply 
sponged  over  two  or  three  times,  and  they  will  peel  off  easily. 

"  For  preserving  a  rolled  drawing,  a  common  substitute  for  string, 
and  one  less  likely  to  crease  the  drawing,  is  made  as  follows : — Take 
a  strip  of  drawing  paper  from  U  to  2  inches  wide  and  an  inch  longer 
than  the  circumference  of  the  rolled  drawing.  About  half  an  inch 
from  each  end  make  incisions,  at  one  end  in  the  middle  and  one-third 
of  the  breadth  across,  and  at  the  other  end  at  the  sides,  each  one- 
third  of  the  breadth  across.  Fold  in  these  sides,  so  that  they  may 
pass  through  the  incision  in  the  opposite  end  of  the  strip ;  on 
being  opened  again  after  they  have  passed  through,  the  whole  will 
form  a  hoop,  which,  when  slipped  over  the  drawing,  will  keep  it 

secure." 

As  cartridge  paper  is  not  always  suitable,  it  sometimes  becomes 

necessary  to  join  the  smaller  sizes  end  to  end.     To  do  this  neatly  the 

edges  should  be  cut  straight,  and  a  straight-edge  laid  upon  the  paper, 

allowing  f  inch  to  project  beneath  it.     This   portion   of  the  paper 

should  then  be  rubbed  down  with  sand  or  glass-paper  until  the  outer 

edge  is  quite  thin.     The  edges  of  both  sheets  to  be  joined  must  be 

treated  in  this  way,  and  covered  with  a  thin  coating  of  gum.    Having 

placed  these  edges  in  contact,  a  strip  of  paper  1}  or  2  inches  wide 

should  be  laid  upon  tlie  joint  and  well  rubbed  with  the  handle  of  a 

paper-knife.     If  the  paper  thus  joined  has  afterwards  to  be  stretched 
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on  a  board,  it  should  be  done  wliile  tlie  joint  is  damp.     Tn  sponging 
the  paper,  care  must  be  taken  not  to  go  over  the  joint. 

In  joining  sheets  of  tracing  paper,  the  joint  sliould  never  be  made 
more  tlian  |  inch  broad.  The  gum  used  for  tin's  purpose  should  be 
very  tliin,  and  a  strip  of  drawing  paper  should  be  placed  upon  each 
side  of  the  joint  until  it  is  quite  dry.  It  is  a  good  plan  to  roll  the 
joined  sheet  upon  a  roller  with  the  joint  in  a  line  with  the  roller  and 
the  strips  infolded  over  the  joint.  AV^hen  left  to  dry  in  this  position, 
the  joint  will  be  perfectly  smooth. 

Drawings  have  frequently  to  bo  mounted  on  stretchers,  and  the 
operation  of  mounting  is  one  requiring  some  care  and  practice. 
Generally  it  will  be  found  more  convenient  to  purchase  the  stretcher 
ready  made  complete ;  but  when  this  is  not  done,  care  must  be  taken 
to  have  the  frame  made  of  sufficient  strength  to  resist  the  tension  of 
the  paper  when  dry.  The  sides  and  the  ends  of  a  stretcher,  8  or  9  feet 
long,  should  be  4  inches  broad  and  not  less  than  I  inch  thick,  and  for 
any  length  above  18  inches  there  should  be  one  or  more  bars  across. 
A  frame  G  feet  long  should  have  two  cross-bars  dividing  the  length 
into  three  equal  parts,  and  they  should  be  of  such  a  thickness  as  not 
to  come  up  flush  with  the  sides  and  ends  by  about  |  inch.  The  inner 
edges  on  the  face  of  the  latter  should  be  rounded  down  to  the  level 
of  the  cross-bars,  and  the  same  degree  of  rounding  should  be  given  to 
the  edges  of  the  cross-bars  themselves.  This  is  necessary  to  prevent 
the  edges  from  showing  a  soiled  mark  on  the  paper.  AYlien  the  frame 
has  been  thus  prepared,  tlie  linen  or  calico  should  be  spread  out  on 
some  flat  surface  and  the  frame  laid  upon  it  face  downwards.  The 
ends  of  the  linen  should  then  be  pulled  over  and  nailed  to  the  back ; 
next,  the  middle  of  the  sides  should  be  jndled  over  and  fixed  in  the 
same  way.  The  intermediate  spaces  are  afterwards  tacked  down  by 
l)lacing  a  tack  alternately  on  opposite  sides,  care  being  taken  to  pull 
the  linen  tight  and  smooth  before  inserting  the  tack.  It  is  a  good 
plan  to  fold  the  edge,  as  the  double  thickness  will  hold  the  tacking 
better  than  if  single. 

To  mount  the  paper  on  the  stretcher,  it  should  be  laid  face  down- 
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wards  upon  a  clean  flat  surface,  wliicli  will  be  all  the  better  if  covered 
with  a  clean  cloth,  and  sponged  with  clean  water.  AYhen  the  water 
has  soaked  in,  apply  with  a  flat  brush  some  cold  flour  paste,  and, 
if  necessary,  remove  all  knots  or  particles  of  gritty  matter,  as  these 
would  prevent  the  paper  from  lying  close  to  the  linen.  The  addition 
of  a  little  alum  to  the  paste  improves  its  adhesive  property,  and  also 
tends  to  make  the  drawing  less  stifl:'  when  dry.  When  a  good  coating 
of  paste  has  been  well  distributed  over  the  paper,  place  the  stretcher 
upon  the  paper  and  rub  the  back  of  tlie  linen  well ;  then  turn  the 
stretcher  over  and  rub  down  the  edges  of  tlie  paper.  Air-bubbles 
between  the  linen  and  the  paper  may  be  got  rid  of  by  puncturing  the 
spot  with  a  fine  needle  and  rubbing  it  down.  Paper  thus  mounted 
may  be  drawn  upon  nearly  as  well  as  when  stretched  on  a  board.  To 
give  an  edge  for  the  T-square,  a  strip  of  wood  with  parallel  edges  may 
be  temporarily  nailed  on. 

Some  drawings,  such  as  large  plans  of  estates,  have  frequently  to 
be  varnished.  This  operation  requires  some  skill,  and  can  be  satisfac- 
torily accomplished  only  by  a  practised  hand.  The  process  generally 
adopted  is  to  stretch  the  drawing  upon  a  frame,  and  to  give  it  three 
or  four  coats  of  isinglass  size  with  a  flat  broad  brush,  taking  care  to 
well  cover  it  each  time,  and  to  allow  it  time  to  dry  between  each  coat. 
The  best  varnish  is  Canada  balsam,  diluted  in  oil  of  turpentine.  This 
requires  to  be  put  on  evenly  in  a  flowing  coat  with  a  fine  flat  brush, 
and  to  be  left  in  a  warm  room  free  from  dust  until  it  is  thoroughly 
dry.  The  drawing  must  be  in  a  perfectly  horizontal  position  while 
the  size  and  the  varnish  are  being  applied.  In  drawings  to  be  var- 
nished, thick  lines,  such  as  shade  lines,  and  chalky  colours  should 
never  be  put  on  before  sizing,  as  they  are  apt  to  blot  during  the 
process. 

Should  a  fir  drawing-board  get  accidentally  dented,  an  applica- 
tion of  water  to  the  part  will,  within  certain  limits,  bring  it  up  to  its 
proper  level. 
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Section  II. — Geometrical  Pkohlkmp. 

To  bisect  a  given  Straight  Line. — Let  A  15  (Fi^.  1)  be  the  given 
line.  From  A  and  B,  with  any  radius  greater  than  ^  A  J^,  draw  aics 
cutting  cnch  otlier  in  C  and  D;  tlicn  tlie  line  joining  CD  will  bisect 
the  line  A  B  as  at  E. 


Fro.  1. 


Fio.  2. 


Fig.  3. 


To  erect  a  Perpendicular  to  a  given  Straight  Line. — Let  it  be 
required  to  erect  a  line  perpendicular  to  the  point  B  (Fig.  2)  in  tlic 
line  A  B.  From  any  point  C  above  the  line,  with  radius  B  C,  describe 
an  arc  as  A  B  D  ;  join  A  C  and  produce  the  line  initil  it  cuts  the  arc 
in  D,  and  join  D  B  ;  then  will  D  B  be  perpendicular  to  A  B. 

To  divide  a  Line  into  any  number  of  equal  parts.  —  Let  it  be 
required  to  divide  the  line  A  B  (Fig.  3) 
into  five  equal  parts.  From  B,  at  any 
angle,  draw  B  C,  and  on  the  line  B  0 
lay  off  five  equal  parts,  1,  2,  3,  4,  5  ; 
then  take  a  set  square  E,  and  make 
one  of  the  sides  containing  the  right 
angle  coincide  with  the  points  A  and  5, 

and  to  the  other  side  apply  a  straight-edge  F ;  then  by  passing  the  set 
square  along  the  edge  of  the  straight-edge  and  drawing  lines  from 
the  points  4,  3,  2,  1,  through  the  line  A  B,  we  shall  liave  tlie  line  A  I> 
divided  into  five  equal  parts  through  the  points  1',  2',  3',  4'. 

To  draw  a  Line  making,  tcith  another  line,  a  given  Angle. — Let  it 
be  required  to  draw  a  line  making  with  the  line  A  B  (Fig.  4)  an 
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Fig.  4. 


angle  of  35°.  From  a  scale  of  chords^  which  will  be  found  on  most 
scales  supplied  with  a  set  of  instruments,  take  off  G0° ;  from  the 
point  A,  with  this  distance  for  radius,  describe  an 
arc  C  D ;  lay  off  on  this  arc  the  distance  of  35° 
taken  from  the  same  scale  of  chords  ;  from  A  draw 
a  line  through  this  point.  Then  will  t]ie  line  AE 
make  with  the  line  A  B  an  angle  of  35°.  The 
same  result  may  be  more  readily  arrived  at  by 
means  of  a  protractor.  If  the  centre  point  of  the  protractor  be  placed 
on  the  point  A  and  its  base  made  to  coincide  with  the  line  A  B,  we 
can  from  its  circumference  prick  off  the  distance  of  35°,  and  a  line 
drawn  from  A  through  the  point  thus  found  will  make,  with  the 
line  A  B,  the  required  angle  of  35°. 

To  bisect  an  Angle. — Let  BAG  (Fig.  5)  be  the  angle  which  it  is 
required  to  bisect.  From  A,  with  any  radius,  describe  an  arc  cutting 
the  lines  A  B  and  A  C  in  D  and  E ;  from  D  and  E,  with  the  same  or 
any  other  radius,  describe  arcs  cutting  each  other  in  F,  and  from  A 
draw  a  line  through  F  ;  this  line  will  bisect  the  angle  as  required. 


Fig.  5. 


Fig.  6. 


To  construct  an  Equilateral  Triangle  on  a  given  base. — Let  A  B 
(Fig.  6)  be  the  given  base.  From  A  and  B,  with  radius  A  B,  describe 
arcs  cutting  each  other  in  C  ;  join  A  C  and  C  B,  which  will  complete 
the  required  triangle. 

To  construct  a  Triangle,  the  lengths  of  the  Sides  being  given. — Let 
it  be  required  to  construct  a  triangle  whose  sides  shall  be  equal 
respectively  to  6,  5,  and  4.  Lay  down  the  base  A  B  (Fig.  7),  making 
it  equal  to  G  divisions  of  the  scale ;  from  A  witli  radius  equal  to 
4   divisions,  and    from   B  with   radius  of   5   divisions  of  tlie   scale 
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describe  arcs  cutting  cacli  other  in  C  ;  juiii  AC  and  C  I>,  wliich  will 
complete  the  required  triangle. 

To  construct  an  Angle  equal  to  a  given  angle. — It  is  re(|uired  to 
draw  a  line  making  with  the  line  D  E  (Fig.  8)  an  angle  equal  to  that 
contained  by  the  lines  B  A  C.  From  A,  with  any  radius,  draw  an 
arc  FGr,  and  from  D,  with  tlie  same  radius,  draw  the  arc  H  T,  and 
make  H  I  equal  F  Gr ;  then  a  line  drawn  from  D  through  I  will  make, 
with  the  line  D  E,  an  angle  equal  to  the  angle  B  A  C. 


Fig.  'J. 


Fio.  10. 


To  construct  a  Triangle,  the  length  of  the  base  and  the  angles  at  the 
base  being  given.  —  It  is  required  to  construct  a  triangle  whose  base 
shall  equal  1  inch,  and  the  angles  at  the  base  be  30*^  and  45°  respec- 
tively. Having  made  the  base  AB  (Fig.  0)  of  the  required  length, 
make  the  angles  at  A  and  B  of  the  required  magnitude  in  the  manner 
already  described  (see  Fig.  4),  and  the  continuation  of  these  lines 
meeting  in  the  point  Gr  will  complete  the  construction  of  the  required 
triangle. 

To  describe  a  Circle  which  shall  pass  through 
three  given  points. — Let  ABC  (Fig.  10)  be  the 
points  through  wdiicli  it  is  required  to  draw  the 
circle.  From  each  of  these  points,  with  any 
radius,  describe  arcs  cutting  each  other  in  D 
and  E ;  join  the  points  D  and  E,  and  the  point 
where  these  lines  intersect  will  be  the  centre 
from  which  to  describe  the  circle  which  will 
pass  through  the  points  A  B  C  as  required. 

To  draw  a  Tangent  to  a  circle. — I.  Let  B  (Fig.  11)  be  the  point 
from  which  it  is  required  to  draw  the  tangent.     Draw  the  radiu.^  0  B, 

1) 
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and  at  B  erect  a  perpendicular  (see  Fig.  2)  ;  then  will  the  line  B  D  be 
a  tangent  to  the  circle.  II.  It  is  required  to  draw  a  tangent  from  the 
point  E  in  the  same  circle.  Draw  the  radius  0  E  extending  beyond 
the  circumference  to  F,  and  make  E  G  equal  to  E  F.  From  F  and  G-, 
with  any  radius,  describe  arcs  cutting  each  other  in  H  and  I ;  then 
a  line  drawn  through  these  points  will  be  a  tangent  to  the  circum- 
ference at  E. 

Fin.  11. 

Fig.  12. 


Fig.  13. 


To  find  the  Centre  of  a  circle. — From  any  point  in  the  circum- 
ference, as  B  (Fig.  12),  describe  an  arc  cutting  the  circumference  in 
A  and  C,  and  from  A  and  C,  with  the  same  radius,  describe  arcs 
cutting  the  first  arc  in  two  points ;  through  the  points  of  intersection 
draw  lines  to  the  interior  of  the  circle,  and  the  point  0  where  these 
lines  intersect  will  be  the  centre  of  the  circle. 

To  cJraiv  lines  which  shall  be  Radii  of  a  circle,  the  centre  being 
inaccessible. — Having  laid  off  on  the  circum- 
ference of  the  arc,  the  distances  apart  of  the 
radii,  as  A,  B,  C,  &c.  (Fig.  13),  from  each  of 
these  points,  with  radius  greater  than  a 
division,  describe  arcs  cutting  each  other  as 
at  a,  b,  c,  &c.,  join  A  a,  Bb,  Cc,  &c.,  and  the  lines  so  drawn  will  be 
radii  of  the  circle  as  required. 

To  construct  an  Oval,  the  width  being  given. — Draw  the  line  A  B 
(Fig.  14)  equal  to  the  width,  and  bisect  AB  by  CD  (see  Fig.  1). 
From  the  point  of  intersection  E,  with  radius  E  A  or  E  B,  describe 
the  circle  A  C  B  F,  and  from  A  and  B  through  F,  draw  the  lines  A  Gr 
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and  B  II.  From  A,  with  nidius  A  JJ,  descrilje  tlic  arc  B  G,  and  from 
B,  with  tlie  same  radius,  describe  the  arc  A  II ;  also  from  F,  with 
radius  F  Gr  or  F  II,  describe  the  arc  GDII,  which  will  complete  the 
required  oval. 


Fig.  lo. 


To  construct  a  Square  on  a  given  line. — Let  A  B  (Fig.  15)  be  the* 
given  line.    At  A  erect  a  perpendicular  (see  Fig.  2),  and  from  A,  with 
radius  A  B,  describe  an  arc  cutting  the  perpendicular  in  C  ;  also  from 
B  and  0,  with  the  same  radius,  describe  arcs  cutting  each  other  in  D  ; 
join  C  D  and  B  D,  which  will  complete  the  required  square. 

To  construct  a  square  that  shall  he  a  Multiple  of  any  given  square. 
— Let  A  B  CD  (Fig.  16)  be  the  given  square,  and  let  it  be  required 
to  construct  a  square  that  shall  contain  2,  3,  4,  &c.,  times  its  surface. 
Draw  the  diagonal  B  C,  then  the  square  described  on  BC  will  be 
double  the  square  A  B  C  D.  Lay  off  D  E,  equal  to  B  C,  and  draw  C  E  ; 
then  the  square  described  on  C  E  will  be  three  times  the  square 
A  B  C  D.  In  the  same  manner  lay  off  D  F,  equal  to  C  E,  and  the 
square  described  on  C  F  will  be  four  times  the  square  A  B  C  D  •,  and 
so  for  any  multiple  of  the  square  A  BCD. 

To  construct  a  square  that  shall  he  equal  to  \,\,  (J'C,  of  any  given 
square. — Let  A  BCD  (Fig.  17)  be  tlie  given  square.  On  AB,  as  a 
diameter,  describe  the  semicircle  A  G  B,  and  erect  at  the  centre  E  the 
perpendicular  E  G.  Draw  G  B,  whicli  will  l)e  the  side  of  a  square 
equal  to  one-half  of  A  B  C  D.  Lay  off  ]>  F,  equal  to  one-fourth  of 
AB,  and  erect  the  perj)endicular    FII;  tlieu   tlio  square  described 

D  2 
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upon  11 B  will   be  equal  to  one-fourth  of   A  BCD.      In   the  same 
manner  a  square  may  be  constructed  equal  to  aiuf  part  of  A  B  C  D. 


Fir.,  in. 


To  construct  a  square  that  shall  he  in  any  Proportion  to  a  given 
square. — Let  ABCD  (Fig.  18)  be  the  given  square.  It  is  required 
to  construct  a  square  which  shall  be  to  A  BCD  as  2  is  to  5.  Upon 
the  side  A  B  as  a  diameter  describe  the  semicircle  A  F  B,  and  divide 
the  line  A  B  into  five  equal  parts.  At  the  second  point  of  divit^ion 
erect  the  perpendicular  E  F  and  join  A  F  ;  the  square  described  upon 
A  F  will  be  to  the  given  square  A  B  C  D  as  2  is  to  5. 

To  construct,  upon  a  given  base,  a  Rectangle,  which  shall  he  similar 
to  a  given  rectangle. — Let  AEFGr  (Fig.  19)  be  the  given  rectangle. 

It  is   required  to   construct    upon   the    base 
A  B,  one  that  shall  be  similar  to  A  E  F  G-. 
Produce  A  E  and  lay  off  the  given  base  from 
A  to  B ;   draw  the  diagonal  A  Gr  and  pro- 
duce it  indefinitely.     Erect  a  perpendicular 
to  A  B  at  B,  and  from  the  point  D  where  it 
intersects  the  diagonal  produced,  draw  D  C 
perpendicular  to  AF  produced.      Then  A  BCD  will   be  similar  to 
A  E  F  Gr.     All  rectangles  having  their  diagonals  in  the  same  line  are 
similar. 

To  describe  a  regular  Pentagon  on  a  given  line.  —  Let  A  B 
(l^ig.  20)  be  the  given  line.  Bisect  A  B  at  C,  draw  C  F  perpendicular 
to  AB,  and  make  CD  equal   to   A  B.     Draw  AD  and   produce   it 
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indefinitely  ;  make  D  E  equal  to  lialf  A  13.  From  A  as  a  centre,  with 
A  E  as  a  radius,  describe  an  arc  cutting  the  perpendicular  C  D  in  F ; 
and  from  A  F  and  B  as  centres,  with  radius  A  H,  describe  arcs  cutting 
each  other  in  G  and  11 ;  join  A  G,  B II,  F  G  and  F II ;  then  A G  F II  B 
will  be  the  pentagon  required. 


Fio.  20. 


Fig.  22. 


To  describe  a  regular  Hexagon. — AVith  a  radius  equal  to  the 
length  of  one  side  of  the  required  hexagon,  describe  a  circle  (Fig.  21), 
and  set  oft'  the  same  radius  round  the  circumference  of  the  circle, 
which  will  be  thus  divided  into  six  equal  parts.  Join  the  points  thus 
found,  and  the  required  hexagon  will  be  completed  as  A  B  C  D  E  F. 

To  draic  a  Parabola,  the  base  and  height  being  given. — Let  C  A 
(Fig.  22)  equal  half  the  base,  and  C  D  the  height.  From  the  point  D 
draw  D  E  parallel  and  equal  to  A  C,  and  from  the  point  A  draw  A  E 
parallel  and  equal  to  C  D.  Divide  DE  and  AE  similarly,  making 
the  end  E  of  A  E  correspond  to  the  end  D  of  E  D.  Through  1,  2,  &:q., 
in  DE  cbaw  1,  1 ;  2,  2,  &c.,  parallel  to  DC.  Join  D  to  the  several 
points  I',  2',  cl'c,  in  AE.  The  parabola  will  jiass  through  the  points 
of  intersections  of  these  lines  with  the  verticals  drawn  from  D  E  to 
CA. 

To  draw  an  Ellipse. — I.  By  means  of  a  piece  of  string  and  pins. 
Place  the  diameters  AB  and  CD  (Fig.  23)  at  right  angles  to  each 
other,  and  set  oft' from  C  half  the  major  axis  at  E  and  F;  then  will  E 
and  F  be  the  two  foci  in  the  ellipse.  Fix  a  pin  at  E  and  another 
at  F  ;  take  an  endless  string  equal  in  length  to  the  three  sides  of  the 
triangle  EEC  and  pass  it  round   the  pins,  stretch  the  string  with 
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a  pencil  Gr,  wliicli  will  then  describe  the  re(tnired  ellipse.    II.  From  the 
centre  0  (Fig\  24)  describe  a  circle  of  the  diameter  of  the  minor  axis 

Fig.  23.  EiG.  24. 


Fig.  25  a. 


Fig.  2.5  b. 


of  the  required  ellipse.  From  the  same  centre,  describe  another  circle 
with  a  diameter  equal  to  its  major  axis.  Divide  the  inner  circle  into 
any  number  of  equal  parts  as  1,  2,  &c.,  and  through  these  points 
draw  radii  cutting  the  outer  circle  in  4,  3,  &c.  From  1,  2,  &c.,  draw 
horizontals,  and  from  3,  4,  &c.,  draw  perpendiculars  cutting  each 
other  in  E  F,  &c. ;  the  curve  traced  from  C  through  the  points 
C  E  F  A,  &c.,  will  complete  the  curve  of  the  required  ellipse.  III.  Let 
A  B  (Fig.  25  a)  be  the  major  and  C  D  the  minor  axis  of  the  required 
ellipse.  On  any  convenient  part  of  the  paper  draw  two  lines  F  Gr, 
F II  (Fig.  25  h)  at  any  angle  with  each  other.  From  F  with  the 
distance  E  C  or  E  D,  the  semi-axis  minor,  describe  an  arc  cutting  the 
lines  F  Gr,  F  H,  in  I  and  K;  and  from  F  with  tlie  distance  E  A  or  E  B, 
the  semi-axis  major,  describe  the  arc  L  M.  Join  I  M,  and  from  L  and 
K  draw  lines  parallel  to  IM,  cutting  FGr,  FH,  in  N  and  0.  From 
A  and  B  (Fig.  25  a)  set  off  the  distance  F  N  (Fig.  25  b)  in  points 
N',  and  from  these  points  as  centres,  witli  F  N  as  radius,  describe 
an  arc  of  about  15°  on  each  side  of  the  major  axis.     From  C  and  D 
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(Fig\  25  a)  setoff  on  tlio  iiiinoi-  axial  lino  tlie  distance  FO  (Fi.i^'.  2r>  A) 
in  points  0',  and  irum  llicse  points  as  centres,  with  radius  FO, 
describe  arcs  of  abont  15°  on  each  side  of  the  axis  C  D.  To  obtain  any 
number  of  intermediate  j^oints  take  a  slip  of  paper  (Fig.  25  a)  and 
mark  upon  one  edg'c,  with  a  sharp-pointed  pencil,  1,  ',],  crpial  to 
the  semi-axis  major,  and  2,  3,  equal  to  the  semi-axis  minor.  If  the  slip 
of  paper  be  now  applied  to  the  figure  and  moved  over  it  in  such  a 
manner  that  the  point  2  is  always  in  contact  with  the  major  axis,  and 
the  point  1  in  contact  with  tlic  minor  axis,  the  outer  point  3  will 
describe  a  perfect  ellipse,  any  number  of  points  in  which  can  be 
marked  off  as  the  "  trammel "  is  moved  into  successive  positions. 

For  this  last  method,  wliich  in  practice  is  by  far  the  best,  we  are 
indebted  to  Binns'  '  Orthographic  Projection.' 

To  construct  a  Semi- Elliptical  Arch. — The  span  A  B  (Fig.  26)  and 
rise  C  D  being  given,  divide  C  A  and  C  B  into  any  number  of  equal 
parts.  Through  the  point  D,  draw  E  F  parallel  to  A  B,  and  from  the 
points  A  and  B  erect  the  perpendiculars  A  E  and  B  F.  Divide  A  E 
and  B  F  similarly  to  C  A  and  C  B.  Produce  C  D  and  make  C  Gr  equal 
CD.  From  D  draw  lines  to  the  points  1,  2,  3,  &c.,  in  the  lines  AE 
and  BF;  also  from  Gr  draw  lines  through  the  points  1,  2,  3,&c.,  in  the 
line  A  B,  and  produce  these  lines  until  they  cut  those  drawn  from  D 
to  the  corresponding  numbers  in  A  E  and  B  F.  Through  the  points 
thus  obtained  draw  the  curve  of  the  ellipse. 

Fig.  26. 


Fig.  27. 


To  draw  the  Gothic  Equilateral  Arrh. — From  the  points  A  and  T] 
(Fig.  27),  with  radius  A  B  equal  to  the  span,  describe  the  arcs  B  C  and 
AC.  By  joining  C  to  A  and  B  we  olitain  an  equilateral  triangle 
from  which  this  arch  derives  its  name. 
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To  draw  the  Gothic  Lancet  Arch. — In  tliis  arcli,  the  centres  E  and 
D  (Fig.  28)  from  whicli  tlie  arcs  are  struck,  are  situate  outside  of 
and  in  a  line  with  the  points  of  springing  A  and  B;  thus  it  is 
constructed  on  an  acute-angled  triangle,  as  will  be  seen  by  joining 
C  to  A  and  B. 


Fig.  28. 


Fm.  29. 


<b 
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To  draw  the  Gothic  Obtuse  Arch. — This  arch,  called  sometimes  the 
Drop-Arch,  is  constructed  on  an  obtuse-angled  triangle ;  the  centres 
E  and  D  (Fig.  29)  being  situate  below  and  within  the  points  of 
springing  A  and  B. 

To  draw  the  Gothic  Tudor  Arch. — On  the  line  of  springing  A  B, 
(Fig.  30)  take  any  two  points  as  F  and  Gr,  so  that  A  F  is  equal  to 
Gr  B.  Draw  F  E  and  Q-  D  cutting  each  other  on  the  bisecting  line 
through  C ;  from  F  and  G,  with  radius  F  A  or  Gr  B,  describe  the  short 
arcs,  and  from  E  and  D,  with  radius  EC  or  D  C,  describe  the  arcs 


meeting  in  C. 


Fig.  31. 


Fig.  30. 


To  draw  the  Moorish  Horse-Shoe  Arch. — The  centres  E  and  D 
(Fig.  31)  from  which  the  arcs  forming  this  arch  are  struck,  are 
situate  above  and  within  the  points  of  springing  A  and  1>.     One  of 
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Fio.  32. 


tlie  most  graceful  forms  of  this  jircli  is  ol)tained  vvlien  ilie  Ijciglit  of  tlie 
points  E  and  D  above  the  line  of  springing  and  tlieir  distance  from 
the  bisecting  line  through  C  are  equal  to  onc-tliird  of  the  span  A  B. 

I'd  draw  the  Gotldc  Ogee  Arch. — The  most 
pleasing  form  of  this  arch  is  that  constructed  on 
an  equilateral  triangle,  in  tlie  following  manner. 
Plaving  drawn  the  equilateial  triangle  ABC 
(Fig.  32),  draw  FG  parallel  to  A  B.  Bisect  the 
sides  A  C  and  C  B  and  produce  the  bisecting 
lines  to  FG  and  il,  wliich  will  complete  the 
triangle  FGrH  similar  and  equal  to  the  triangle 
A  B  C.  From  IT,  with  radius  II  A  or  H  B,  describe  the  arcs  A  E 
and  B  D,  and  from  F  and  (x,  with  the  same  radius,  describe  tlie  arcs 
E  C  and  C  D. 


Fk;.  35. 


Fig.  33. 


Fifi.  31. 

E 
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To  draw  the  Roman  Cyma  Recta  and  Cyma  Reversa. — Join  A  B 
(Fig.  33)  and  bisect  A  B  in  C.  From  the  points  C  and  B,  with  the 
distance  B  0,  describe  arcs  cutting  each  other  in  E ;  and  from  A  and 
0,  with  the  same  radius,  describe  arcs  cutting  each  other  in  D  ;  from 
D,  with  the  same  radius,  describe  the  arc  A  C,  and  from  E  describe  the 
arc  C  B.  The  projection  of  the  upper  end  of  the  curve  over  the  under, 
as  FB,  is  generally  equal  to  the  height,  A  F,  of  the  moulding.  The 
same  description  applies  to  the  Cyma  Reversa  (Fig.  34)  letter  for  letter. 

To  draw  the  Gothic  Trefoil. — Having  drawn  the  equilateral 
triangle  ABC'  (Fig.  35),  bisect  the  angles  and  protluce  the  bisecting 
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lines  D  E  F  which  will  bisect  the  sides  of  the  triangle  in  G II  I.  From 
AB  and  C  as  centres,  with  radius  A  II  or  A  I,  equal  to  half  the  side 
of  the  triangle,  describe  the  arcs  K  L  M,  and  those  concentric  with 
them,  and  fi'om  the  centre  0  of  the  triangle  describe  the  outer  circles 
and  concentric  arcs,  which  will  complete  the  figure. 

To  drciHJ  the  Gothic  Quatrefoil.  —  Draw  the  square  A  B  0  D 
(Fig.  30)  ;  bisect  the  sides  of  the  square  at  IKLM  and  produce  the 
bisecting  lines  to  E  F  G  H.  From  the  angles  A  B  C  D  of  the  square 
as  centres,  with  radius  A  I  or  A  M  equal  to  half  the  side  of  the  square, 
describe  the  arcs  P  N  R  S,  and  draw  the  outer  concentric  arcs.  The 
circles,  completing  the  figure,  are  drawn  from  the  centre  0  of  the 
square. 

Fig.  3  J. 


Fig.  37. 


To  construct  the  Gothic  Cinquefoil. — Having  drawn  the  regular 
pentagon  ABODE  (Fig.  37),  bisect  the  angles  and  produce  the 
bisecting  lines  to  FGrll  I  K,  which  will  cut  the  sides  of  the  pentagon 
in  a,  J,  ^,  c/,  e.  From  A  B  C  D  and  E  as  centres,  with  radius  A  a  or  A  ^, 
equal  to  one-half  of  the  side  of  the  pentagon,  describe  the  arcs 
L  M  N  P  R,  and  draw  the  outer  concentric  arcs  and  those  concentric 
with  them.  The  circles  are  drawn  from  the  centre  0  of  the  pen- 
tagon, as  in  the  preceding  example. 
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Section  ITT. — Lines,  Dots,  and  tiiimk  roMiuNATioNS. 

All  kinds  of  <lrawiiigs  are  ina(l(3  uj)  of  lines  and  dots;  lliese  arc 
the  coustitucnt  piirts,  the  materials  which  tlie  draiig-htsniaii  has  to 
employ.  It  is  therefore  essential  that  he  should  make  himself 
acquainted  with  their  various  forms  and  uses,  and  familiar  with  those 
means  of  producing  them  which  experience  has  shown  to  he  the  best, 
before  commencing  the  study  of  the  principles  by  which  the  repre- 
sentation of  an  object  is  delineated.  And  moreover,  it  is  desirable  that 
he  should  acquire  a  familiarity  with  the  operations  required  in  the 
delineation  of  isolated  objects,  previously  to  making  any  attempt  to 
place  them  in  combination  for  the  purpose  of  producing  a  complete 
drawing.  The  student  will,  therefore,  do  well  to  study  carefully  and 
to  practise  diligently  the  forms  and  examples  given  in  this  Section. 

Straight  and  Curved  Lines. — All  straight  lines,  however  short, 
should  be  ruled,  whether  they  be  drawn  with  the  pencil  or  the  pen. 
Pencil  lines,  which  are  intended  to  serve  merely  as  guides  to  the 
pen,  should  be  drawn  lightly,  as  otherwise  it  will  be  difficult  to  rub 
them  out  without  injuring  the  ink.  They  should  also  be  drawn  a 
little  beyond  the  point  at  whicli  the  line  is  required  to  terminate, 
because  the  intersection  of  the  lines  at  that  point  makes  it  more 
distinctly  visible,  and  there  is,  consequently,  less  danger  of  passing 
beyond  that  point  or  of  stopping  short  of  it  when  inking  in.  It  is 
very  important  not  to  stop  short  of  the  required  length  when  ruling 
a  straight  line  with  a  jDen,  for  it  is  extremely  difficult  to  lengthen  the 
line  subsequently  without  leaving  the  join  visible.  An  accurate  line 
cannot  be  drawn  unless  the  point  of  the  pencil  or  the  pen  be  kept  close 
np  to  the  rule,  and  to  do  this  the  top  should  be  inclined  a  little  outward. 
Before  inking  in  a  line  that  has  been  drawn  in  pencil,  the  indiarubber 
should  be  passed  lightly  over  it,  to  remove  the  particles  of  lead 
adhering  to  the  paper,  for  if  these  particles  are  allowed  to  remain, 
they  get  between  the  nibs  of  the  pen  and  jirevent  the  ink  from 
flowing  freely.     The  chief  difHculties  in  ruling  a  straight  line  with 
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the  pen  are,  to  keep  it  of  a  regular  thickness  throughout,  and,  when 

numerous  parallel   lines  have   to  he  drawn,  to  keep  them  at  equal 

distances  apart.     To  draw  an  even  line,  a  first  requisite  is  that  the 

pen  be  in  good  condition.     Frequently  it  will  he  found  when  drawing 

fine  lines  that  the  pen  ceases  to  mark  before  the  end  of  the  line  is 

reached,  and  as  we  have  already  said,  it  is  very  difficult  to  join  a  line 

without   leaving  visible    traces    of  the  operation.     To    remedy  this 

defect,  the  pen  must  be  reset  as  described  in  Section  I.     If  a  very 

hard  pencil  has  been  used,  or  if  the  pencil  has  been  pressed  heavily 

upon  the  paper,  the  pencil  line  will    lie  in  a  groove  in  the  paper, 

and  as  the  nib  of  the  pen  will  not  touch  the  bottom  of  this  groove, 

the    line   drawn  will   be  ragged.     Another  cause  of  unevenness  is 

unduly  pressing  the  pen  against  the  rule ;    this  pressure  closes  the 

nibs,  and  besides  producing  an  irregularity  in  the  thickness  of  the 

line,  is  very  apt  to  cause  a  blot  by  forcing  out  the  ink,  which  adheres 

to  the  rule  when  brought  into  contact  with  it.     To  prevent  this,  care 

should  be  taken  to  press  the  pen  very  lightly  against  the  edge  of  the 

rule.     A  pen  is  manufactured  by  Stanley,  of  Holborn,  London,  which 

has  the  back  nib  much  stiffer  than  the  other,  so  that  all  danger  of 

defect  from  this  cause  is  removed  by  the  construction  of  the  instrument. 

To  ensure  a  good  line,  the  pen   should  rest  lightly  upon  the  paper, 

and  the  handle  of  the  pen  should  make  the  same  angle  with  the  paper 

from  the  beginning  to  the  end  of  the  line.     A  considerable  amount  of 

practice  is  required  to  accomplish  this,  and  to  acquire  the  habit,  the 

same  attention  should  be  given  to  the  pencil  as  to  the  pen.     The 

ability  to  draw  a  number  of  parallel  lines  at  equal  distances  apart 

without  measuring  requires  considerable  training  of  the  eye,  and  this 

training  can  be  obtained  from  practice  alone.     This  ability  must  be 

acquired  before  anything  further  is  attempted,  and  the  student  who 

spends  a  good  deal  of  time  in  its  acquisition  may  have  the  satisfaction 

of  knowing  that  while  he  is  going  through  this  somewhat  monotonous 

practice,  besides  exercising  himself  in  drawing  accurate  lines,  he  is 

acquiring  a  correctness  of  eye  and  a  power  of  hand  that  will  be  of 

incalculable  service  to  him  later. 
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The  straight  line,  hesides  hoing  used  for  the  outUiies  of"  regular 
objects,  is  employed  conventionally  for  various  purposes.  When  it  is 
required  to  show  an  object  in  section,  the  part  in  section  is  covered 
with  straight  and  parallel  lines  drawn  at  an  angle  of  4;V^  and  at  erpial 
distances  apart,  as  in  Fig.  38.  To  represent  standing  water,  as  ponds 
and  lakes,  horizontal  straiglit  lines  are  drawn  parallel  to  each  other 
and  at  equal  distances  apart  over  tbe  surftice,  as  shown  in  Fig.  30. 


Fig.  39. 


Fig.  38. 


Curved  lines,  when  arcs  of  circles,  are  drawn  by  the  compasses. 
Other  curves  are  drawn  by  liand  througli  points  previously  found. 
To  draw  the  curve  correctly  througli  these  points,  unless  they  be  very 
numerous,  a  knowledge  of  the  nature  of  the  curve  is  necessary,  which 
the  draughtsman  should  in  all  cases  endeavour  to  obtain.  When  tbe 
curved  line  is  long,  it  is  usually  inked  in  with  the  drawing  pen,  with 
the  aid  of  an  instrument  called  tbe  Frencli  curve,  or  cardboard  moulds 
cut  for  the  purpose ;  but  for  short  lines  an  ordinary  fine-pointed  steel- 
pen  point,  or  better,  a  good  quill  is  used.  In  general,  all  lines  drawn 
by  hand  should  be  drawn  towards  the  body,  as  a  better  command  of 
the  pen  can  be  obtained  in  that  direction  than  in  any  other.  In 
inking  in  curves  by  this  means,  the  draughtsman  should  proceed 
continuously  along  the  pencil-drawn  line  l>y  partly  repeated  touches 
with  the  pen  point,  so  held  that  the  divided  points  of  the  pen 
may  follow  partly  in  the  same  track.  Each  touch  should  be  made 
about  one-thirtieth  of  an  inch  in  leno;th,  and  it  should  bei^in  and 
end  fine.  Each  succeeding  touch  must  begin  half  its  length  back, 
so  that  the  line  is  advanced  l)y  one-sixtieth  of  an  inch.  In  map 
drawing  all    irregular  lines  are   drawn   in   this  way.     Tracing  maps 
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will  afford  the  student  excellent  practice  in  this  mode  of  using  the 
pen. 

Lines  of  uneven  thickness. — Though  generally  a  line  is  required 
to  be  of  even  thickness  throughout,  cases  sometimes  occur  in  which 
a  variation  in  the  thickness  may  be  made  to  express  some  feature  or 
quality  of  the  landscape.  The  usual  application  of  this  kind  of  line  is 
to  mark  the  outline  of  rivers,  lakes,  and  ponds,  as  shown  in  Fig.  40. 
The  drawing  of  such  a  line  presents  no  diihculty  ;  the  increased 
thickness  is  produced  by  going  over  those  parts  of  the  line  again  with 
the  pen.  Care  must,  however,  be  taken  not  to  make  a  sudden  increase 
in  the  breadth  of  the  line,  but  to  begin  and  end  imperceptibly. 


Fig.  40. 


Fig.  41. 


Fig.  42. 


Fig.  43. 
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The  Broken  Line. — The  broken  line,  shown  in  Fig.  41,  is  of 
frequent  occurrence  in  all  kinds  of  drawings.  In  architectural  and 
engineering  drawings  it  is  usually  employed  in  roofs,  as  in  Fig.  42, 
and  for  water  in  sections,  as  in  Fig.  43.  It  is  also  used  in  combination 
with  other  lines  for  various  purposes.  In  drawing  a  succession  of 
broken  lines,  care  must  be  taken  not  to  allow  the  break  in  one  line  to 
be  immediately  over  that  in  another.  The  effect  may  be  varied  con- 
siderably by  increasing  or  diminishing  the  extent  of  the  break.  As 
in  section  lining,  the  lines  should  be  at  regular  intervals  apart,  and  be 
all  of  the  same  degree  of  fineness.  Broken  lines  are  sometimes  used 
upon  the  face  of  stone  buildings,  instead  of  marking  in  the  joints  and 
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etching  or  colouring-.     Tn  such  n  case  tlie  breaks  are  long-,  and  flie 
lines  widely  spaced. 

The   Dotted   Line. — OF   still    more    frequent   occurrence   is  the 

dotted  line.    There  are  two  kinds  of  dotted  lines, 

,..        •Ill  1  I'll  ^''''  ^^• 

distinguished   by  tiie  shape  or  the  dot,  and  known 

as  the  long  and  the  round  dotted  line.     These  are 

shown    in    Fig,  44,  as  well  as  a    combination    of    

i\\Q  two. 

The  round  dotted  line  is  of  very  general  application.  In  archi- 
tectural and  mechanical  drawings,  it  is  used  to  distinguish  hidden 
parts,  and  to  mark  the  path  of  a  moving  piece  in  a  machine.  In 
plans,  it  is  used  to  show  the  position  of  proposed  works,  to  denote  the 
walks  through  pleasure  grounds  and  gardens,  to  indicate  lines  chained 
over  in  surveying,  and  frequently  for  other  purposes,  at  the  pleasure 
of  the  draughtsman.  The  long  dotted  line  is  employed  to  mark  the 
boundaries  of  a  town^ship,  the  navigable  channel  of  a  river  or  creek, 
and  in  large-scale  maps  to  show  farm  and  bridle  roads,  footpaths,  and 
the  divisions  of  land  among  different  tenants.  The  combination  of 
the  long  and  round  dotted  lines  is  used  for  the  boundaries  of  a  parish. 
Another  combination  of  two  round  and  one  long  dots,  or  sometimes  of 
three  round  and  one  long,  is  used  to  denote  proposed  railways,  canals, 
roads,  and  other  similar  works. 

To  draw  a  good  dotted  line  requires  some  care.  The  difficulty 
lies  in  keeping  the  dots  at  equal  distances  apart,  and  in  making  them 
equal  in  size ;  and  unless  both  these  conditions  are  fulfilled,  the  line 
will  not  present  a  pleasing  appearance.  To  obviate  this  difficulty,  an 
instrument  is  sold  by  mathematical  instrument  makers,  called  the 
dotting  or  wheel  pen.  But  it  requires  very  great  care  in  using,  as 
otherwise  it  frequently  happens  that  the  ink  escapes  from  it  and 
spoils  the  drawing.  For  this  reason,  its  use  has  been  generally  aban- 
doned by  draughtsmen.  But  if  the  instrument  were  better  constructed 
and  carefully  handled,  it  might  be  made  to  do  good  service. 

Combinations  of  Straight,  Broken,  and  Dotted  Lines. — Combina- 
tions of  the  foregoing   lines  are  used   Ibr  various  purposes.     Some 
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draughtsmen  employ  alternate,  full,  and  dotted  lines,  to  denote  wood 
in  section,  as  in  Figs.  45  and  46 ;  when  wood  is  used  in  combination 
with  iron  or  other  metal,  this  is  a  very  good  way  of  distinguishing  it. 
Wood-graining,  though  not  made  up  of  straight,  broken,  or  dotted 
lines,  yet  partakes  somewhat  of  the  nature  of  all  three  kinds,  and 


Fig.  45. 


Fig.  4G. 


Fig.  48. 


Fig.  49. 


^^ 


a^^si. 


may  therefore  be  introduced  here.  Oak-grainirtg  is  shown  in  Fig.  47, 
and  fir-graining  in  Fig.  48.  The  former  is  executed  with  the  drawing 
pen,  and  requires  some  care  and  practice;  the  latter  is  most  readily 
done  with  a  common  pen  or  a  crow-quill.  End  wood  is  grained  as 
shown  in  Fig.  49.  The  spring  bows  are  very  suitable  for  drawing  in 
the  circles,  as  a  certain  degree  of  turn  to  the  nut  will  open  the  ink  leg 
to  the  required  distance  after  drawing  each  circle.  A  few  broken 
wavy  lines,  called  shakes,  radiating  from  the  centre,  produce  a  good 
effect.  When  several  pieces  of  end  wood  come  together,  the  centres 
ill  each  should  not  be  in  the  same  relative  position. 

Cultivated  land  is  represented  by  alternate  broken  and  dotted 

lines,  suggesting  furrows,  as  shown  in  Fig.  50.      For  the  sake   of 

Pjg  5Q  variety,  these  lines  are  put  in   in  sets,  and  in 

?;r=i^^i^=i^r^~sv^;r.^di!^^  dififei'ent  directions,  one  set  being  usually  parallel 

to  one  side  of  the  enclosure.     The  lines  are  first 

i^^z  ruled  in  continuously  with  the  pencil,  and  the 

i-~..-r.r.r    r       :..i  ;,  :    !     i,|.Q]^g,i   .^j^(\  dottcd   IJncs  aftcrwards  drawn   in 

over  them  by  hand.  The  portions  of  the  broken  lines  must  in 
this  case  be  short,  and  the  breaks  still  shorter.     The  dots  must  be 
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fine  and  close  together;  they  are  made  Ity  toiicliing  the  paper  with 
the  point  of  the  pen,  and  immediately  liftirif^  it  oft'  witliout  drag(jin(j 
it  over  the  paper.     All  round  dots  must  he  made  in  tliis  way. 

The  Wavy  Line. — The  wavy  line  is  very  important  in  topogra- 
phical drawings,  as  it  is  employed  to  represent  running  water,  and 
frequently  large  bodies  of  standing  water  to  which  motion  is  com- 
municated by  the  wind,  as  lakes  and  the  sea.  These  rippled  lines  are 
intended  to  represent  the  ripples  in  the  water,  a  purpose  which  they 
fulfil  in  a  very  pleasing  manner.  They  must,  however,  be  well 
executed,  or  the  pleasing  effect  will  not  be  produced.  The  operation 
of  drawing  these  lines  is  usually  regarded  by  the  draughtsman  as  a 
tedious  and  an  uninteresting  one.  But  such  ought  not  to  be  the  case, 
for  there  is  ample  scope  in  it  for  the  exercise  of  the  taste  and  the 
judgment,  and  in  proportion  to  the  taste  displayed  and  tlie  judgment 
exercised,  will  be  the  effect  of  the  work  when  executed. 

Fig.  51  shows  the  manner  of  employing  these  lines.  In  repre- 
senting water  by  this  means,  the  lines 
should  be  drawn  from  the  shores  towards 
the  middle  of  the  stream  or  lake,  and  never 
from  the  middle  outwards,  for  if  the  latter 
mode  of  proceeding  be  adopted,  the  proper 
graduation  of  the  spaces  between  the  lines 
becomes  impossible.  The  shore  line,  or 
outline  of  the  water,  should  be  a  moderately 

thick  line,  and  of  uniform  thickness  throughout.  The  first  shading 
line  may  be  of  nearly  the  same  thickness  as  the  shore  line,  and  it 
must  be  drawn  as  near  to  it  as  possible.  Also  this  shade  line,  as  well 
as  all  subsequent  ones,  must  follow  exactly  all  the  windings  of  the 
shore  line ;  this  is  essential  to  a  correct  expression.  To  effect  this 
with  accuracy,  care  should  be  taken  to  make  the  space  between  the 
shore  and  the  shade  line  a  fine  ivhite  line.  The  second  shade  line  must 
be  drawn  a  little  finer  than  the  first,  and  at  a  slightly  increased  dis- 
tance from  it.  This  gradual  diminution  of  the  thickness  of  the  lines, 
and  increase  of  the  spaces,  must  be  continued  to  the  middle  of  the 
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current.  The  last  line  in  tlie  middle  of  a  piece  of  water  must  always 
return  to  itself.  Wlien  the  shading  lines  meet  the  margin  of  the 
drawing,  they  should  terminate  in  it,  that  is,  they  should  be  drawn  out 
to  the  margin  as  though  they  had  been  continued  beyond  and  cut  off. 
These  lines  require  to  be  drawn  clean,  and  to  do  this  tlie  hand 
must  be  kept  steady.  This  steadiness  may  be  obtained  by  taking  a 
very  short  hold  of  the  pen,  and  resting  the  middle  finger  upon  the 
paper.  The  lines,  as  we  have  already  said,  should  be  drawn  towards 
the  body,  the  drawing  being  turned  about  as  required  to  facilitate  this, 
and  the  last  line  drawn  must  be  always  kept  on  the  left  of  the  one 
being  drawn.  By  this  means  the  last  line  and  the  point  of  the  pen 
are  kept  constantly  in  sight.  It  is  also  important  tlmt  the  lines  should 
be  completed  successively,  rather  than  that  several  should  be  carried 
on  at  once,  because  if  the  latter  mode  of  working  be  adopted,  the  eye 
is  apt  to  become  confused  by  the  different  intervals,  and  an  uneven 
distribution  of  the  lines  is  the  result.  A  principle  to  be  attended  to  is 
that  every  line  shall  return  to  itself,  spirals  being  altogether  inadmis- 
sible. The  distance  of  the  lines  apart  and  their  thickness  are 
expressive  of  the  character  of  the  object;  thus,  in  a  small  pond,  for 
example,  they  will  be  fine  and  close  together ;  in  a  large  pond  or  a 
lake  they  will  be  thicker  and  more  widely  spaced ;  and  in  tlie  open  sea 
they  will  be  made  to  present  a  bold  appearance  by  increasing  still 
more  their  thickness  and  the  distance  between  them. 

Grass-land. — Various  combinations  of  lines  and  dots  are  used, 
conventionally,  to  represent  certain  natural  features  of  common  occur- 
rence.   As  far  as  convenient  execution  will 
Fig.  52.  allow,  thesc  signs  are  made  to  resemble  the 

'*-^  --_  t-.  "*•  JT  --  ^  objects  denoted.    Thus  the  sign  for  grass-land 

""".,.*';;_  -  *^J*"-  .,  consists  of  groups  of  short  lines,  arranged  like 
-^  ^^-*  J2  ■-'"--*  '"-  tufts  of  herbage,  as  shown  in  Fig.  52.  Each 
•  '.    '"  .*..  '"-  tuft  is  composed  of  five  or  seven  lines  con- 

verging towards  a  point  situate  below  the 
base,  the  middle  line  being  the  longest,  and  the  outside  ones  mere 
dots.     In  drawing  these  groups,  the  base  must  be  kept  quite  straight, 
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and  parallel  to  the  base  of  the  drawing-  whatever  the  shape  of  the 
enclosure  maybe.  Beginners  usually  experience  considerable  diiliculty 
in  keeping  the  base  straight,  the  tendency  being  to  make  it  curved. 
Great  care  is  needed  to  distribute  the  groups  evenly  over  the  pa[)er, 
and  to  avoid  the  appearance  of  being  in  rows,  for  the  latter  arrange- 
ment is  destructive  of  that  natural  aspect  ^vhich  this  sign  otherwise 
possesses. 

Swamps  and  Marshy  Ground. — As  the  surface  of  marshy  ground 
consists  of  water  and  grass,  a  combination  of  the  signs  for  these 
objects  is  employed  to  represent  it.  An  illustration  of  this  is  given 
in  Fig.  53.  The  lines  representing  the  water  should  always  be  ruled 
parallel  to  the  base  of  the  drawing,  and 
they  should   be   grouped  in   an   irregular  ^'^-  •''^• 

manner  so  as  to  leave  small  islands  inter- 
spersed tliroughout  the  locality.  These 
islands  should  be  covered  Avith  grass,  and 
to  show  them  out  more  distinctly,  there 
should  be  nothing  but  water  immediately 
around  them.      The  division  between  the 

land  and  the  water  should  be  sketched  in  lightly  before  proceeding  to 
rule  in  the  lines.     Sometimes  dotted  lines  are  used  for  the  water,  but 
full  lines  are  to  be  preferred.     The  addition  of  a  tree  here  and  there 
improves  the  appearance  of  a  drawing.     A  distinction  is  frequently 
made  between  a  swamp  and  a  marsh  by  watering  the  former  more 
extensively  than  the  latter.     In  drawing  in  marsh  land,  care  should 
be  taken  to  make  the  fineness  of  the  lines  in 
accordance  with  the  scale  of  the  map,  as  other- 
wise an  offensive  appearance  will  be  produced.        ^  '•> 
This  caution  applies  equally  to  all  signs.                 f 

Sand  and  Gravel. — Sand  and  gravel  are  ......: 

represented  by  dots,  the  dots  being  made  larger  .    - 

for  the  latter  than  for  the  former,  as  shown  in 

Fig.  54.  Simple  as  the  operation  of  filling  in  these  dots  is,  it  is  one 
that  requires  some  degree  of  care.     Beginners  are  apt  to   mar  the 
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appearance  of  tlieir  di'awings  by  inattention  in  this  respect.  The 
dots  should  be  made  in  the  manner  ah'eady  described  wlien  speaking 
of  the  dotted  line,  that  is,  the  point  of  the  pen  should  be  brought 
slowly  down  upon  the  paper,  and  lifted  without  dragging  it ;  and  no 
dot  should  be  made  without  a  deliberate  intention  respecting  its 
position.  All  arrangement  in  rows  must  be  carefully  avoided.  In 
sand-hills,  the  slopes  should  be  made  darker  than  the  level  parts 
by  placing  the  dots  closer  together.  Mud  in  tidal  rivers  may  be 
represented  by  very  fine  dots  placed  close  together. 

Woodland. — Trees  are  generally  shown  in  plan  (as  in  Fig.  55). 
The  outline  is  circular  in  character,  and,  to  have  a  good  effect,  it 
should  be  made  up  of  simple  curves  firmly  drawn  ;  small  indentations 
shoiild  be  avoided  as  bad.  A  few  touches  of  the  pen  are  given  on 
the  interior  and  towards  the  shadow.  The  latter  is  cast  by  parallel 
rays  of  light  inclined  45°  to  the  horizon,  and  is  detached  from  the 
outline  of  the  tree.  When  the  scale  is  large,  the  shadow  will  be 
elliptical  in  form,  but  in  small  scales  it  will  become  a  simple  circle. 


Fig.  Sn. 


Fig.  5G. 


In  representing  woodland,  the  trees  and  masses  of  trees  should  be 
disposed  in  every  possible  variety  of  position,  care  being  taken, 
however,  to  avoid  all  regular  figures  and  arrangements  in  lines. 
In  parks  and  gardens,  where  the  arrangement  of  the  trees  is 
artificial,  it  is  usual  to  represent  a  grove  in  a  rectangular  form. 
Oichards  are  shown  by  placing  single  trees  with  their  shadows  at 
the  points  of  intersection  of  two  sets  of  equidistant  parallel  lines 
drawn  at  right  angles  to  each  other.  These  lines  are  drawn  in  pencil 
and  afterwards  erased.  Some  draughtsmen  prefer  to  draw  trees  in 
elevation,   as  shown  in  Fig.   56.       This  method  allows  the  various 


THE    ESSENTIAL    KLEMENTS. 


at 


Fi<;.  57. 
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kinds  of   trees  to  be  dislingiiished  on  tlie  plan,  und  gives  scope  jto 
artistic  skill. 

Uncultivated  Land. — Uncultivated  land,  other  than  woodland, 
is  represented  hy  drawing  bushes  in  plan,  similar  to  trees,  but  of 
smaller  dimensions,  and  mixing  tufts  of  grass  with  them,  as  shown 
in  Fig.  57. 

Cunt  our    Lines.  —  Suppose   a  cone  A  B  C 
(Fig.  58)  cut  at  regular  vertical  intervals  apart 
by  a  sei'ies  of  horizontal   planes   1,  2,  3.     The 
intersections  of  these  planes  with  the  surface  of 
the  cone  will  give  lines  upon  that  surface ;  and 
it  is  obvious  that  the  cone  may  be  represented 
in  plan  by  the  projection  of  these  lines,  as  shown 
in  the  figure.      To  obtain  this  projection,  draw 
the  horizontal  line  D  E,  and  from  tlie  apex  of 
the    cone   and   from    the    intersections    of    the 
cutting    planes    let   fall    vertical    lines.      From 
the  point  where  the  line  from  the  apex  meets  the 
line  D  E  as  a  centre,  with  radii  equal  to  the  dis- 
tances from  this  point  to  those  where  the  lines 
from   the   sections  meet   D  E,   describe    circles. 
These  circles  will  be  the  horizontal  projections 
of  the  lines  on  the  surface  of  the  cone  produced 
by  the  cutting  planes ;  and  these  lines  are  called  contour  lines.     Also 
it  is  obvious  that,  from  the  plan  of  the  cone  so  obtained,  w^e  may  as 
readily  project  the  elevation,  provided  we  know  the  vertical  distance 
apart  of  the  sections  denoted  by  the  contour  lines.    To  obtain  the  eleva- 
tion, we  have  only  to  draw  horizontal  lines  at  the  given  distance  apart, 
and  from  the  points  in  D  E  erect  perpendiculars  to  meet  them.     Lines 
drawn  through  the  points  of  intersection  w^ill  give  the  elevation  of 
the  cone.     To  find  the  inclination  of  the  surface  of  the  cone,  upon  a  b, 
a  portion  of  the  normal  D  E,  as  a  base,  erect  a  per})endicular  /;  c,  equal 
in  height  to  the  distance  of  the  sections  apart,  and  join  a  c.     The 
hypothenuse  ac  then  represents  that  portion  of  the  surface  of  the 
cone  which  is  included  between  the  two  contour  lines,  and  of  which 
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tlie  angle  of  inclination  is  b  a  a.     The  space  between  two  contour  lines 
is  called  a  liorizontal  zone. 

The  cone  being  a  regular  figure,  its  contour  lines  are  circles. 
For  irregular  figures,  the  contour  lines  will  be  irregular  curves. 
The  regular  inclination  of  the  surface  of  the  cone  causes  the  projec- 
tions of  the  contour  hues  to  be  at  equal  horizontal  distances  apart. 
But  when  the  inclination  varies,  the  horizontal  distance  between  the 
contour  lines  also  varies,  the  distance  decreasing  as  the  inclination 
increases.  Thus  the  method  of  representing  objects  in  plan  by 
contour  lines,  not  only  gives  the  correct  form  of  the  object,  but  shows 
the  relative  inclination  of  every  portion  of  its  surface.  This  may  be 
clearly  seen  in  Figs.  59  and  GO,  the  former  of  which  is  a  representa- 
tion in  plan  by  contour  lines  of  an  irregularly  shaped  object,  and 
the  latter  an  elevation  of  the  same  object  projected  from  the  plan. 


Fig.  60. 


Fig.  59 


The  system  of  representation  by  contour  lines  is  generally 
adopted  by  topographers  to  distinguish  and  define  the  variation  of 
the  surface  of  the  ground  in  regard  to  hill,  valley,  and  plain.  By 
intersecting  a  mountain,  for  example,  by  a  sufficient  number  of 
horizontal  planes,  its  correct  form  may  be  delineated,  and  the 
declivity  of  its  surface  accurately  shown.  The  relative  declivity  of 
any  portion  of  its  surface  is  indicated  by  the  difference  in  the 
horizontal  distance  of  the  curves  apart ;  and  by  constructing  a 
triangle  upon  a  normal  to  the  upper  curve  in  the  manner  already 
described  for  the  cone,  the  absolute  slope  at  any  point  between  any 
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two  curves  may  be  readily  (letenniiied.  The  ground  is  supposed  to 
slope  iniiformly  from  one  curve  or  contour  line  to  the  next.  Such, 
however,  is  rarely  the  case ;  hut  provided  the  curves  are  taken  at 
frequent  iiilcrvals,  tlie  error  is  of  no  practical  importance,  linljows 
are  represented  in  tlie  same  way  ;  and  whetlier  the  representation  is 
that  of  a  hill  or  a  hollow,  is  known  ft'om  the  other  parts  of  the  map. 
Thus,  if  Fig.  59  represent  a  hill,  the  vertical  projectioTi  will  he 
as  shown  in  Fig.  GO;  but  if  it  denote  a  hollow,  tlie  outer  curve 
must  be  projected  highest,  and  the  vertical  section  will  be  Fig.  GO 
inverted.  In  practice  the  contour  lines  are  numbered,  the  number  of 
any  contour  indicating  its  height  above  a  plane  of  reference  called  a 
datum  plane.  The  vertical  distance  of  the  contour  lines  apart  varies 
with  the  character  of  the  ground  and  the  object  of  the  survey ;  but  it 
is  seldom  less  than  25  feet.  The  lines  are  obtained  by  the  surveyor 
by  fixing  a  number  of  points  on  the  same  level  by  means  of 
instruments. 


Sectiox  IY. — Colours. 


The  preceding  Section  treats  exclusively  of  representation  l)y 
lines  and  dots,  or  that  mode  of  delineating  objects  and  natural  features 
known  as  line  or  pen  drawing.  There  is,  however,  another  mode  of 
representation  by  means  of  colours  that  is  fast  coming  into  general 
use.  This  latter  mode  is  far  more  expressive  than  the  former,  and, 
besides  affording  a  wider  scope  for  artistic  effect,  shows  with  greater 
distinctness  and  precision  the  character  of  the  object  represented.  For 
these  reasons  it  is  almost  always  adopted  for  plans  of  estates  and 
geological  sections,  and  also  very  frequently  for  other  kinds  of  toj^o- 
graphical  as  well  as  for  engineering  and  mechanical  drawings.  The 
colours  used  for  this  purpose  are  not  applied  in  the  way  the  artist 
applies  them;  but  they  are  laid  on  in  thin  washes  to  produce  a  taint 
tint  rather  tlian  a  l)odv  of  colour.     The  })rocess  is  called  tinting  or 
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flat-washing,  and  though  it  cannot  be  described  as  a  work  of  art, 
considerable  practice  and  skill  are  requisite  to  execute  it  properly. 

Flat-tints. — A  drawing  to  be  coloured  must  be  previously  stretched 
and  gummed  to  the  board,  in  the  manner  described  in  Section  I. 
Unless  the  paper  be  j)re pared  in  tliis  way,  it  will  remain  blistered  after 
being  wetted  by  the  laying  on  of  the  tints.  The  lines  of  the  drawing 
must  be  very  fine,  and  the  ink,  though  black,  should  not  be  thick. 
Great  care  should  be  exercised  in  drawing  in  the  outlines,  that  there 
be  always  a  piece  of  clean  paper  between  the  hand  and  the  drawing, 
for  the  least  degree  of  greasiness  will  prevent  the  colours  from  working 
freely.  Should  the  surface  of  the  paper,  however,  from  inattention  to 
this  matter,  or  from  accident,  become  slightly  greasy,  the  defect  may 
be  partially  remedied  by  adding  a  little  prepared  ox-gall  to  the  water 
with  which  the  colours  are  mixed.  When  all  the  outlines  have  been 
drawn  in  and  the  pencil  lines  erased,  the  drawing  is  prepared  for  tlie 
colouring  by  being  washed.  The  washing  is  effected  by  passing  a  soft 
sponge  well  saturated  with  clean  water  gently  and  rapidly  over  the 
surface.  The  purpose  of  this  washing  is  twofold;  first,  to  remove  those 
portions  of  the  ink  which  a  wet  brush  would  detach  from  the  paper  in 
laying  on  the  colours,  and  which,  by  becoming  mixed  with  the  tint, 
would  injure  its  purity  ;  jmd  second,  to  damp  the  surface  of  the  paper 
in  order  to  prevent  the  colour  from  drying  too  rapidly.  The  latter  is 
an  important  matter,  for  if  the  tint  Avhich  is  being  applied  dries  quickly, 
it  is  impossible  to  unite  the  edges  properly,  and  the  tint,  especially 
if  the  surface  be  large,  will  have  a  cloudy  and  blotchy  appearance. 
As  the  operation  of  washing  renders  the  paper  too  wet  to  imme- 
diately receive  the  colour,  it  must  be  allowed  to  remain  in  a  perfectly 
horizontal  position  for  a  short  time  to  dry,  and  during  this  time  any 
tendency  to  dry  unequally  must  be  cori'ected  by  means  of  blotting- 
paper.     While  the  paper  is  drying,  the  tints  may  be  prepared. 

To  ensure  satisfactory  results,  care  must  be  taken  in  the  prepara- 
tion and  preservation  of  the  tints.  They  should  never  be  made  by 
artificial  light,  and  a  sufficient  quantity  should  be  made  at  first  to 
cover  all  the  portions  required,  as  it  is  very  difficult  to  match  a  tint 
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exactly.  Wlien  a  drawino-  is  several  days  in  hand,  it  is  best  to  prepare 
a  fresh  tint  for  every  coat,  for  tlie  colours  will  change  in  the  course  of 
a  day  or  two,  even  if  protected  from  the  light.  A  few  drops  of  water 
should  be  added  now  and  then,  to  make  up  for  the  loss  by  evaporation, 
especially  in  warm  weather.  Tints  left  to  dry  upon  the  palette  should 
never  be  wet  up  again  for  use,  but  they  should  be  washed  clean  out 
and  a  fresh  tint  made;  if  this  precaution  be  not  attended  to,  the  colour 
will  not  be  pure.  When  a  tint  is  to  be  mixed,  the  end  of  tlie  calce  of 
colour  should  be  moistened  and  allowed  to  soften  for  a  minute  or  two, 
as  this  will  cause  it  to  rub  smooth  and  free  from  fragments.  The 
palette  should  then  be  moistened  and  the  end  of  the  cake  rubbed 
gently  and  evenly  upon  it  till  a  sufficient  quantity  of  colour  has  been 
obtained,  whicli  may  be  added  to  the  requisite  quantity  of  water  by 
means  of  a  brush.  A  precaution  necessary  to  be  observed  is  never  to 
rub  one  colour  down  upon  another,  as  it  will  probably  be  laid  aside 
to  dry  with  the  other  colour  on  it.  The  brush  used  should  be  as  large 
as  the  nature  of  the  work  will  allow,  and  it  should  be  of  the  best  sable 
hair;  tlie  quality  is  judged  by  the  length  of  the  hair,  the  longest 
and  stiftest  being  the  best.  Draughtsmen  frequently  do  all  their  work 
with  a  couple  of  sable  brushes  attached  to  one  holder,  one  being  for 
colour  and  the  other  for  water ;  in  this  case  the  brushes  should  be 
of  different  colours  to  prevent  mistakes. 

The  art  of  laying  on  a  flat-tint  consists  in  allowing  tlie  coloured 
water  to  flow  equally  over  the  paper,  Mdiich  thus  becomes  uniformly 
tinged.  To  facilitate  this,  the  surface  of  the  drawing  should  be 
inclined  towards  the  draughtsman  at  an  angle  of  about  five  degrees 
during  the  process  of  laying  on  the  colour.  ITaving  taken  as  much 
colour  on  the  brush  as  it  will  safely  carry  w^ithout  dropping,  the 
operation  of  applying  it  should  be  begun  in  the  upper  left-hand 
corner,  the  brush  being  carried  along  towards  the  right,  so  as  to  make 
the  colour  lie  neatly  along  the  upper  outline.  The  brush  should  then 
be  struck  unhesitatingly  from  right  to  left  and  from  left  to  right 
alternately,  so  as  to  bring  the  colour  down  in  horizontal  bands  or 
stripes,  taking  care  not  to  pass  the  brush  a  second  time  over  the  same 
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surface  during  the  same  wash,  and  to  control  it  neatly  witliin  the  proj^er 
limits.  If  the  surface  of  the  paper  be  in  tliis  way  kept  well  wetted  with 
tlie  colour,  or  if,  in  other  words,  a  flow  of  colour  be  kept  in  motion 
with  the  point  of  the  brush,  the  tint  can  be  carried  on  with  perfect 
continuity.  It  is  important  to  keep  as  nearly  as  possible  the  same 
quantity  of  colour  in  the  brush  until  the  lower  outline  is  neaily 
reached,  w^hen  the  quantity  must  be  diminished  so  as  to  finish  at  the 
lower  outline  without  a  great  excess  of  tint,  for  the  excess  must  be 
taken  up  by  a  damp  brush.  No  accumulations  should  be  allowed  to 
take  place  anywhere,  as  on  drying,  these  places  would  show  a  darker 
tint.  When  the  colour  has  once  flowed  over  the  surface,  the  tint  is 
finished,  and  must  not,  as  we  have  said,  be  touched  a  second  time,  for 
any  attempt  to  remedy  defects  while  the  colour  is  drying  will  only 
make  them  worse.  Generally  it  will  be  found  that  the  more  quickly 
a  tint  is  laid  on,  the  better  is  its  appearance.  A  little  practice  will 
enable  the  student  to  lay  on  a  wash  in  the  proper  manner,  but  to  keep 
within  the  outlines  is  a  matter  of  greater  difficulty  and  one  that 
requires  some  dexterity  in  the  handling  of  the  brush.  If  the  boundary 
should  be  exceeded,  a  finger  of  the  left  hand  should  be  instantly  applied 
to  brush  the  colour  back.  Though  the  foregoing  directions  can  be 
followed  strictly  only  on  large  surfaces,  the  principles  involved  in 
them  must  in  every  case  be  observed. 

The  alternate  or  double  tint  consists  of  two  colours  applied  alter- 
nately, their  edges  being  made  to  blend  into  each  other.  The  appli- 
cation of  the  double  tint  involves  no  particular  difficulty.  Having 
prepared  tW'O  tints  of  equal  intensity  and  provided  a  brush  for  each, 
lay  on  one  of  the  colours  at  the  upper  outline  of  the  figure,  and 
before  this  dries,  take  the  brush  charged  with  the  other  colour,  and 
run  round  its  edge,  allowing  them  to  blend  together.  Eepeat  the 
first  tint  in  the  same  manner,  and  continue  the  tints  alternately  till 
the  surface  is  covered.  The  forms  of  the  masses  of  each  colour  should 
be  varied,  and  not  made  in  stripes  or  spots,  but  irregularly  clouded. 

All  flat-tints  should  be  made  very  light,  and  intensity  of  colour 
should  be  produced  by  repeating  the  wash.     As  every  surface  looks 
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better  wllh  two  washes  than  with  only  one,  tlie  strength  of  the  tint 
should  be  such  as  to  allow  two  coats  to  be  laid  over  the  lightest  parts. 
If  the  colours  have  been  laid  on  too  dark,  or  the  general  eflect  be 
uneven  and  disagreeable,  the  defect  may  be  remedied  by  sponging. 
This  operation  should  be  performed  with  a  close-grained  G-inch  sponge, 
and  be  commenced  at  tliC  upper  end  of  the  inclined  board.  A  basin 
of  clean  water  having  been  provided,  and  an  empty  l)asin  to  receive 
the  dirty  water  from  the  sponge,  first  moisten  all  the  white  surface  of 
the  paper  to  prevent  the  tint  taken  oft"  by  the  sponge  from  adliering 
to  it ;  then,  having  tilled  the  sponge  with  water,  pass  it  gently  to 
and  fro  across  the  sheet.  Press  out  the  dirty  water  into  the  basin, 
refill  tlie  sponge,  and  repeat  the  operation  until  hardly  any  tint  comes 
off.  Sponging  after  five  or  six  coats  have  been  laid  on  generally 
improves  the  appearance  of  a  drawing ;  it  softens  down  asperities, 
and  makes  the  tints  blend  into  each  other;  the  surface  of  the  paper 
also  takes  the  tints  more  readily  after  sponging. 

Small  defects  may  frequently  be  remedied  by  a  process  called 
stippling.  This  consists  in  making  a  number  of  dots  with  the  point 
of  a  brush  containing  an  almost  imperceptible  quantity  of  colour. 
The  process,  though  a  tedious  one,  produces  a  very  beautiful  effect, 
similar  to  that  of  dotted  engravings.  Excesses  beyond  the  boundary 
lines  may  be  washed  out  with  the  water-brush,  and  the  stains  removed 
by  a  piece  of  clean  blotting-paper.  White  spots  left  in  a  tint  may  be 
filled  up,  after  the  tint  is  dry,  with  the  point  of  the  brush;  but  care 
must  be  taken  not  to  touch  l)eyond  the  edges  of  the  tint,  as  that  would 
double  the  intensity  at  the  edges  and  produce  a  ring. 

All  flat  surfaces  in  a  drawing  should  be  lighter  or  darker,  in 
accordance  wath  their  distance  from  the  eye.  In  laying  on  flat-tints 
when  tlie  surface  is  not  in  shade,  it  must  be  borne  in  mind  (1)  that  all 
surfaces  which  are  parallel  to  the  plane  of  the  picture,  and  therefore 
equally  distant  from  the  eye,  should  receive  a  tint  of  uniform  inten- 
sity ;  (2)  that  those  surfixces  which  are  farthest  from  the  eye  should 
receive  the  darkest  tint ;  and  (3)  that  surfaces  which  are  inclined  to 
the  plane  of  the  drawing  should  receive  a  tint  of  varying  intensity,  the 
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depth  of  the  tint  increasing  as  the  surface  recedes  from  the  eye.    When 
the  surfaces  are  in  shade,  the  converse  of  these  rules  holds  good. 

Conventional  Colours. — In  representing  objects  by  means  of  colours, 
tlie  natural  colours  of  the  objects  are  in  some  cases  adhered  to';  and  in 
others,  for  the  sake  of  greater  distinctness,  a  conventional  colour  is 
adopted.  In  engineering,  architectural,  and  mechanical  drawings, 
the  latter  mode  is  nearly  always  resorted  to,  while  in  plans  of  estates 
the  former  is  very  frequently  employed.  Unfortunately,  practice  is 
not  uniform  among  draughtsmen  in  the  conventional  use  of  colours ; 
but  the  following  Table  shows  the  colours  mostly  employed^  and 
represents  the  general  practice. 

Carmine  or  crimson  lake  . .      . .  For  brickwork  in  plan  or  section  to  be  executed. 

Prussian  blue Fliutwork,  lead,  or  parts  of  brickwork  to  be  removed  by 

alterations. 

Venetian  red      ..      ..     '..      ..  Brickwork  in  elevation. 

Violet  carmine Granite. 

Raw  sienna         English  timber,  not  oak. 

Burnt  sienna      Oak,  teak. 

Indian  yellow Fir  timber. 

Indian  red Mahogany. 

Sepia Concrete  works,  stone. 

Burnt  umber      Clay,  earth, 

Payne's  grey      Cast  iron,  rough  wrought  iron. 

Dark  cadmium  or  orange  ..       ..  Gun  metah 

Gamboge Brass. 

Indigo         Wrought  iron — bright. 

Indigo,  with  a  little' lake  ..      ..  Steel — bright. 

Hooker's  green Meadow  laud. 

Cobalt  blue        Sky  effects. 

And  some  few  others  occasionally  for  special  purposes. 

Sections  are  represented  either  by  lines  of  the  colour  drawn  with 
the  pen  or  the  point  of  the  brush,  or  by  a  darker  shade  of  the  colour. 
In  mechanical  drawings,  sections  are  frequently  shown  by  ink  lines 
drawn  over  the  colour. 

In  plans  and  maps,  as  we  have  said,  some  attempt  is  made  to  give 
the  true  appearance  of  things.  As  this — whicli  may  be  called  the 
natural  mode  of  representation — allows  more  scope  for  ai'tistic  skill 
than  the  conventional,  a  great  deal  must  be  left  to  the  judgment  and 
the  taste  of  the  draughtsman.     But  there  are  geiicral  principles  and 
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features  tliat  may  be  laid  down  and  described,  and  such  are  the 
following : — 

Water. — For  water,  a  flat-tint  of  pure  indigo  is  used.  To  produce 
the  clear,  transparent  effect  of  water,  there  should  l)e  two  coats  of  the 
tint,  which,  to  allow  of  this,  must  be  very  light  coloured. 

Grass-land. — For  grass  or  cleared  land,  a  flat-tint  of  green  is 
employed.  This  tint  is  composed  of  indigo  and  gamboge,  and  should 
be  of  a  li\cly  hue,  wdiicli  may  be  produced  by  giving  predominance 
to  the  gamboge.  Care  must  always  be  taken  in  preparing  greens  for 
maps  and  plans,  that  the  blue  be  kept  subordinate  to  the  yellow ;  for 
a  predominance  of  the  former  colour  produces  a  cold  quality,  which  is 
utterly  destructive  of  that  natural  appearance  it  is  intended  to  give. 
The  intensity  of  the  tint  for  this  and  for  other  purposes  should  be 
such  as  to  distinguish  it  clearly  from  others,  and  to  allow  somewhat 
for  fading,  without  masking  any  of  the  details  of  the  drawing;  and 
it  must  be  clear  and  transparent.  We  may  here  remark  that  all  tints 
which  are  much  extended  should  be  balanced,  that  is,  no  one  should 
obtrude  itself  upon  the  eye  by  its  relatively  too  great  intensity. 

Marsh. — Marsh  and  swamp  are  represented,  as  in  line  drawing, 
by  a  combination  of  tlie  signs  for  water  and  grass-land.  The  tints 
are  laid  on  horizontally,  that  is,  parallel  to  the  base  of  the  drawing. 
They  are  not,  however,  laid  on  in  bands  or  strips  across  the  drawing, 
but  are  made  to  project  in  irregular  points  from  each  side,  with  here 
and  there  a  long  and  narrow  patch  to  represent  an  island.  The  land 
should  cover  a  larger  portion  of  the  space  than  the  water,  and  it 
should  be  washed  in  first,  care  being  taken  to  make  the  white  spaces 
left  for  the  blue  colour  resemble  the  green  in  form,  which  spaces  should 
project  their  horizontal  points  into  the  green  as  the  latter  projects  its 
points  into  the  white.  Tlie  outer  limits  of  a  marsh  should  consist  of 
an  outline  of  projecting  green  points.  The  land  portion  of  the  marsh 
is  finished  by  drawing  a  light  shading  line  of  indigo  and  burnt  sienna 
along  the  lower  edge  of  the  green.  This  line  must  be  drawn  upon  the 
edge  and  not  (Ujaiiist  it  upon  the  white  space.  In  washing  in  tlie  water, 
care  must  be  taken  not  to  overlay  the  edges  of  the  green.     A  good 
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effect  is  produced  by  iiitroduciiig  a  tree  here  and  there  upon  the 
land. 

Sand  and  Gravel. — Sand  is  shown  Ly  a  flat-tint  of  yellow  ochre. 
Sand  and  gravel  are  represented  by  dotting  the  flat-tint  with  burnt 
sienna  by  means  of  the  point  of  the  brush  held  in  a  vertical  position. 
Stones  and  rocks  in  sand  should  be  first  outlined  with  the  pen  in  burnt 
sienna  and  sepia  in  equal  proportions,  and  afterwards  filled  in  with 
the  brush  with  the  same  colour. 

Mud. — In  the  survey  of  rivers,  creeks,  and  coasts,  it  frequently 
becomes  necessary  to  show  tracts  of  mud  between  the  lines  of  high 
and  low  water.  For  this  purpose  a  flat-wash  of  sepia  or  Indian  ink 
may  be  used  dotted  with  Indian  ink  of  greater  intensity.  The  dots  in 
this  case  must  be  very  minute  and  thinly  placed,  and  they  should  be 
evenly  distributed.  A  fine-pointed  pen  will  be  found  more  effective  in 
putting  in  these  dots  than  the  point  of  the  brush. 

Woodland. — To  represent  woodland,  a  flat-tint  of  green  is  first 
laid  over  the  ground,  as  for  grass-land.  The  groups  and  masses  of 
trees  are  next  drawn  in  outline,  in  the  manner  described  in  tlie  last 
Section,  with  a  hard  and  sharp  lead  pencil,  or  with  a  pen  and  pale  ink. 
To  fill  in  these  outlines,  a  colour  made  up  of  indigo  and  gamboge  in 
the  same  proportions  as  the  ground  tint,  but  of  greater  intensity,  is 
laid  on  the  lower  and  right-hand  portion  of  each  tree  and  mass  of 
foliage,  so  as  to  occupy  about  two-thirds  of  the  figure.  The  remaining 
portion,  wdiich  will  be  the  side  towards  the  light,  is  then  touched  with 
an  orange  tint  composed  of  gamboge  and  burnt  sienna.  It  only 
remains  to  add  the  shadow.  As  the  light  is  supposed  to  enter  the 
drawing  in  parallel  rays  from  the  upper  left-hand  corner,  the  shadow  of 
every  object  will  surround  its  lower  and  right-hand  outlines.  It  is 
laid  close  up  to  the  outline  in  masses  of  foliage ;  but  for  single  trees, 
as  in  orchards,  it  is  detached.  The  form  of  the  shadow  was  described 
in  the  last  Section.  To  produce  the  shadow,  the  same  tint  is  used  as 
for  the  gDOund,  two  or  tliree  successive  applications  being  sufficient  to 
increase  the  intensity  to  the  requisite  degree;  or  a  neutral  tint  may 
be  used,  composed  of  indigo,  Imrnt  sienna,  and  a  little  lake.     After 
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tlic  shadow  has  been  put  in,  tlie  outhnes  on  that  side  should  be 
strengthened  by  going  over  them  again  witli  the  pen.  By  drawing 
the  trees  in  elevation,  an  opportunity  is  aflbrded  for  the  disphiy  of 
artistic  skill  far  greater  tlian  tlio  foj-egoing  method  admits  of.  When 
drawn  in  this  way,  the  work  partakes  somewhat  of  tlie  nature  of 
landscape  painting. 

Cultivated  Land. — Cultivated  land  is  represented  by  a  flat-tint 
of  burnt  sienna. 

Uncultivated  Land. — Uncultivated  land  or  brushwood  is  repre- 
sented by  a  double  tint  of  green,  as  for  grass-land,  and  burnt  sienna, 
as  for  cultivated  land,  laid  on  in  the  manner  already  described  for  the 
double  tint.  As  this  is  the  only  double  tint  used,  it  may  be  made,  if 
thought  desirable,  with  alternate  green  and  crimson  lake. 

Buildings. — Buildings,  including  all  structures  of  masonry,  as 
bridges,  locks,  walls,  and  such  like,  are  coloured  with  crimson  lake, 
and  shadowed  with  a  neutral  tint  composed  of  indigo,  burnt  sienna, 
and  a  little  lake,  as  given  above  for  forest  land. 

Roads  and  Streets. — Roads  and  streets,  and  generally  all  those 
portions  of  a  drawing  not  particularly  described,  are  tinted  with 
yellow  ochre. 

Fences. — Hedges  are  represented  by  green  dots,  varied  in  size 
for  bushes ;  stone  or  brick  walls,  by  a  line  ruled  in  red ;  and  wooden 
fences  by  lines  of  neutral  tint,  either  ruled  or  drawn  in  by  hand, 
according  as  the  line  is  to  be  straight  or  otherwise.  In  every  case 
the  shadow  must  be  put  in. 

In  determining  the  intensity  of  the  various  tints  employed  on  a 
topographical  drawling,  care  must  be  taken  that  everything  be  "  in 
keeping."  A  cardinal  rule  of  art  is  that  nothing  shall  unduly  obtrude 
itself;  and  in  a  coloured  plan,  spottiness,  as  it  is  called,  should  be 
studiously  avoided.  Forest,  brushwood,  and  cultivated  land,  should 
be  represented  by  tints  of  about  equal  intensity,  and  the  same  equality 
may  be  observed  for  grass-land,  marsh,  water,  and  sand,  but  the 
intensity  should  be  less  than  in  the  former  case.  Tints  that  are  of 
small  extent  may  be  a  little  exaggerated  in  intensity  for  the  purpose 
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of  giving  tlicm  greater  distinctness,  especially  when  the  object  repre- 
sented is  a  Imilding.  Gardens  and  orchards  require  a  little  exaggera- 
tion in  depth  of  tint,  to  distinguish  them  from  the  surrounding 
country ;  but  care  must  he  taken  not  to  make  the  distinction  too 
marked.  It  will  generally  he  found  conducive  to  a  maintenance  of 
''  keeping,"  to  lay  the  lightest  tints  on  first. 


Section  Y. — Shading. 


In  mechanical  and  architectural  drawings,  shade  lines  must  be 
considered  rather  as  embellishments  than  constituent  parts  of  the 
drawing.  They  are,  however,  frequently  employed ;  and  as  their 
incorrect  use  may  deceive  the  eye  with  respect  to  the  intention  of  the 
designer,  it  becomes  an  important  matter  to  know  when  to  apply  them 
with  propriety. 

Application  of  Shade  Lines. — As  we  have  already  explained,  the 
light  is  supposed  to  fall  upon  the  objects  in  a  drawing  in  parallel  rays 
from  the  upper  left-hand  corner  for  elevations,  and  from  the  lower 
left-hand  corner  for  plans.  To  determine  whether  or  not  a  given  line 
should  be  a  shade  line,  we  have  only  to  ascertain  whether  or  not  the 
light,  introduced  in  such  a  manner,  falls  upon  that  edge  of  the  object 
which  the  line  represents.  All  those  parts  of  a  body  upon  which  the 
rays  of  light  fall  directly,  are  said  to  be  in  light ;  all  those  parts  upon 
which  the  rays  of  light  do  not  fall  directly,  are  said  to  be  in  shade; 
and  those  parts  of  a  surface  which  are  deprived  of  light  by  another 
body  intercepting  the  rays,  are  said  to  be  in  shadow.  These  defini- 
tions should  be  borne  in  mind.  Lines  representing  the  boundaries  of 
surfaces  in  light  should  be  fine  lines,  and  lines  representing  the 
boundaries  of  surfaces  in  shade  should  be  thick  or  shade  lines.  Let  it 
be  required,  for  example,  to  determine  the  shade  lines  of  the  cube 
shown  in  elevation  in  Fig.  01.     The  extreme  rays  of  light  falling 
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upon  the  cube  meet  tliu  edges  in  b  and  c ;  hence  the  surfaces  a  h,  a  c, 
are  in  lig'ht,  and  the  surfaces  db,  d c,  are  in  shade.  The  foregoing 
rule  will  tlius  make  a  b  and  ac  fine  lines,  and  d  h  and  d  c  shade  lines. 
If  the  cube  were  turned  so  that  a  b  should  be  at  right  angles  to  the 
rays  of  light,  the  extreme  rays  would  fjill  on  the  edges  a  and  b,  and 
the  middle  ray  which  now  falls  on  a  would  fall  on  the  middle  of  the 
line  a  b.  The  rays  immediately  beyond  those  which  are  arrested  by 
the  edges  a  and  b^  may  be  considered  to  pass  along  in  contact  with 
the  surfaces  a  c  and  b  d ;  and  these  surfaces  must,  therefore,  be  regarded 
as  in  light.  Thus  we  shall  have  in  this  case  the  lines  a  b,  a  c,  and  b  cZ, 
fine  lines,  and  the  line  c  d  a,  shade  line.  It  is  the  practice  of  some 
draughtsmen  to  make  ac  and  bd  in  such  cases  a  medium  line,  and 
the  practice  has  propriety  to  recommend  it.  The  foregoing  explana- 
tions of  the  shade  lines  in  the  elevation  of  the  cube,  render  any 
further  remarks  concerning  those  in  the  plan,  Fig.  G2,  unnecessary. 
In  practice,  whether  or  not  a  surface  is  in  light  may  be  determined 
by  placing  the  set  square  of  45°  against  it. 


Fig.  G1. 


Fig.  02. 


Fig.  G3. 


Fig.  (U. 


The  same  principles  are  observed  in  the  end  elevation  of  the 
hollow  cylinder,  shown  in  Fig.  63.  The  extreme  rays  meet  the  cir- 
cumference in  the  points  a  and  b;  consequently  the  surface  acb  is  in 
light,  and  the  surface  adb  is  in  shade.  The  middle  ray  meets  the 
surface  perpendicularly  at  the  point  c,  which  will  be  the  lightest  part 
of  that  surface ;  similarly,  d  will  be  the  darkest  part.  To  show 
this,  the  shade  line  must  be  gradually  increased  in  thickness  towards 
the  point  d.  The  shading  of  the  inner  circle  will  be  the  converse 
of  the  outer.     Fig.  64  shows  a  phiii  of  the  same  object. 
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Cylindrical  Surfaces. — Let  abed,  Fig.  65,  be  a  plan,  and  klnm 
an  elevation  of  a  cylinder.     The   portion  acb  is  in  light,  and  tlie 

portion  a  d  b  is  in  shade,  of  which  latter 
portion  a  and  b  are  the  edges.  From  the 
points  a  and  c  draw  vertical  lines  ef,  gh. 
Then  will  ef  be  that  part  of  the  cylinder 
npon  which  the  light  falls  perpendicularly, 
or  the  lightest  part,  and  gh  the  edge  of  the 
surface  in  shade,  or  that  poition  of  the  sur- 
face of  the  cylinder  that  would  cast  a  shadow 
upon  the  plane  of  projection.  Hence  this  will 
be  the  darkest  part,  and  consequently  it  is 
obviously  improper  to  make  the  line  ^  Z  a 
shade  line.  This  demonstration,  which  is 
given  by  Binns,  shows  that  shade  lines  must 
never  be  applied  to  cylindrical  surfaces.  If 
this  principle  be  observed,  cylindrical  may  be  readily  distinguished 
from  flat  surfaces. 

Shading  Lines. — Shade  lines  are  applied  only  to  the  edges  or 
boundaries  of  surfaces ;  when  Hnes  are  put  upon  a  surface  to  show  the- 
effects  of  light  and  shade,  they  are  called  shading  lines.  The  use  of 
the  latter  is  determined  by  the  same  principles  as  that  of  the  former ; 
indeed,  a  shade  line  may  be  practically  considered  as  an  end  view  of 
a  numlier  of  shading  lines.      In  Fig.  QQ,  which  is  an  elevation  of  a 

hfexagon,  the  surface  c  is  in  shade,  and  to 
represent  this  surface  correctly,  it  must  be 
made  darker  than  the  others.  This  darkening 
of  the  surface  is  effected  by  drawing  the 
shading  lines  heavier  or  closer  together,  or  by 
both  of  these  means  combined.  The  surface 
b  is  in  light,  but  the  rays  fall  upon  it  ob- 
liquely ;  the  shading  lines  on  this  surface 
will  therefore  be  lighter  and  more  widely .  spaced  than  on  c.  The 
surface  a  is  also  in  light,  and  receives  the  rays  normally,  that  is,  the 


Fig.  66. 
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direction  of  the  rays  is  normal  to  the  surface.  Hence  this  surface  will 
reflect  most,  or,  in  other  words,  will  be  the  lig-htest.  This  is  shown  by 
making  the  shadinf;'  lines  still  lighter,  and  spacing  them  still  more 
widely  than  lliosc  on  h.  The  greatest  care  is  needt.'d  in  applying 
shading  lines  to  keep  their  thickness  and  the  spacing  regular,  as  an 
error  in  these  respects  will  frequently  produce  an  effect  quite  opposed 
to  what  is  intended. 

Shading  Lines  on  Cylindriod  Surfaces. —  If  tlie  demonstration 
previously  given  concerning  shade  lines  on  cylindrical  surfaces  be 
understood,  the  application  of  shading  lines  to  these  surfaces  will  pre- 
sent no  difficulty.  The  darkest  and  the  lightest  part  of  the  cylinder 
having  been  determined,  and  in  practice  this  can  be  accomplished 
Avith  sufficient  exactness  by  the  eye,  the  shading  lines  are  ap[)lied 
according  to  the  principles  explained  above  with  respect  to  the 
hexagon.  The  first  shading  line  is  drawn  upon  the  darkest  part ;  and 
each  successive  line  on  each  side  of 
this  first  line  is  drawn  lighter  and 
spaced  more  widely  than  the  preced- 
ing. At  the  lightest  part,  a  clear 
space  is  left  to  represent  the  reflexion 
of  the  rays  that  occurs  strongly  there, 
and  beyond  this  part  the  shading  is 
made  equal  to  that  of  the  corresponding- 
part  on  the  other  side.  The  thicken- 
ing of  the  lines  is  eff'ected  by  going 
over  them  a  sufficient  number  of  times. 
Fig.  67  shows  a  vertical  and  a  horizontal  cylinder  shaded  in  this 
manner.  In  outline  drawings  of  machinery,  this  mode  of  shading 
with  parallel  lines  is  frequently  resorted  to. 

It  will  be  evident,  on  reflection,  that  when  the  cylindrical  body 
stands  parallel  with  the  direction  of  the  rays  of  light,  as  shown  in 
Fig.  (j8,  the  lightest  part  will  be  in  the  middle,  and  the  shade  will 
increase  in  intensity  as  it  approaches  the  edges.  The  shading  of  the 
interior  of  a  cvlinder  is,  as  we  have  alreiidy  remarked  when  treating 
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of  shade  lines,  the  converse  of  that  of  the  exterior.  This  is  sliown  in 
the  sectional  elevation,  Fig-.  GO.  When  parallel  with  the  direction  of 
the  rays  of  light,  as  in  Fig.  70,  the  internal  shading  is  the  same 
as  the  external.  On  bright  circular  surfaces,  such  as  that  of  a  circular 
saw,  or  the  polished  end  of  a  shaft,  the  light  is  radiated  from  the 


Fig.  68. 


Fig.  G9. 


Fig.  70. 


Fig.  71. 


centre,  as  shown  in  Fig.  71.  This  mode  of  shading  is  strictly  in 
accordance  wnth  the  appearance  presented  by  such  surfaces.  It  may 
be  remarked  here,  that  if,  through  inadvertence,  any  part  should  be 
made  too  dark,  the  error  may  be  corrected  by  darkening  all  the  other 
parts  in  a  corresponding  degree. 

Shading  Lines  in  Topographical  Drawings. — The  shading  lines 
put  upon  mechanical  drawings  are  merely  accessoi'ies  used  for  pur- 
poses of  embellishment.  But  in  topographical  drawings,  shading 
lines  are  applied  to  give  expression,  and  tliey  constitute  an  essential 
element  in  the  representation.  We  have  shown  how  undulations  of 
the  groTuid,  constituting  hill  and  valley,  are  represented  by  contour 
lines.   But  it  is  obvious  that  these  lines  furnish  information  respecting 
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the  character  of  the  surface  only  at  those  points  tliroiigh  whicli  they 
pass.  Thus  we  are  necessarily  left  in  ignorance  of  the  irregularities 
existing  between  any  two  successive  contours.  To  supply  this  in- 
formation which  the  contours  fail  to  give,  sliading  is  resorted  to. 
Another  important  object  of  hill  shading  is  to  represent  the  surface 
of  the  ground  conventionally  in  a  manner  that  will  immediately 
afford  an  idea  of  its  character  without  the  aid  of  regular  contours. 
The  method  adopted  consists  in  employing  lines  varying  in  tlieir 
thickness  and  in  their  intervals  apart 
according  to  the  slope  of  the  ground 
to  l»e  represented.  This  method  is 
based  upon  the  principle  of  the  hori- 
zontal contours,  which  is  to  give  to  the 
same  vertical  interval  the  same  absolute 
amount  of  shade,  whatever  the  incli- 
nation of  the  ground  may  be.  The 
shading  lines  are  used,  as  we  have  said, 
to  fill  in  the  features  of  the  ground  be- 
tween contours  already  fixed ;  and  to 
ensure  accuracy  and  uniformity  in  the 
representation,  a  "  scale  of  shade "  is 
employed.  The  accompanying  Fig.  72 
shows  the  standard  scale  of  shade 
adopted  by  the  Council  of  Military 
Education,  and  made  use  of  for  all  the 
Government  surveys.  The  second  and 
the  fifth  columns  of  this  scale  show 
the  spacing  of  the  hachures  and  their 
thickness  for  different  angles  of  slope, 
while  the  first  and  the  last  columns 
show  the  number   of  hachures  to  be 

interpolated  between  contours  at  every  25  feet  vertical  intervals, 
supposing  the  slope  to  be  uniform.  The  slope  is  denoted  both  by 
the  number  of  degrees  in  the  angle  it  makes  with  the  horizontal, 
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and  by  a  fraction  showing  the  ratio  of  the  vertical  height  to  the  base 
in  a  right-angled  triangle,  the  hypothenuse  of  which  is  the  slope  in 
question. 

The  scale  of  shade  is  constructed  for  a  horizontal  scale  of  six 
inches  to  the  mile,  and  the  amount  of  shade  has  been  chosen  with 
a  view  of  producing  the  best  possible  artistic  effect.  Of  course,  the 
most  satisfactory  results,  both  artistically  and  practically,  w'ill  be 
obtained  when  the  ground  is  delineated  to  this  scale,  but  it  can  be 
readily  applied  to  any  other  scale.  For  example,  the  horizontal 
interval  for  a  slope  of  ^,  corresponding  to  a  vertical  interval  of 
25  feet,  will  be  20  x  25  =  500  feet,  which,  on  a  scale  of  six  inches  to 
a  mile,  wall  be  represented  by  a  length  equal  to  ^^  x  G  =  0'566 
inches.  In  this  case,  therefore,  supposing  the  slope  of  the  ground  to 
be  uniform  between  two  given  contours  25  feet  apart,  we  should 
represent  it  by  means  of  the  hachures  shown  opposite  a  slope  of  j^, 
continued  over  a  space  of  0*566  inch. 

In  topographical  drawings,  the  light  is  supposed  to  fall  vertically 
upon  the  surface ;  hence  a  level  surface  will  reflect  all  the  light  that 
falls  upon  it,  while  one  of  45°  will  not  reflect  any. 

The  drawling  of  the  hachures  presents  certain  difiSculties  of  execu- 
tion that  can  be  overcome  only  by  continued  practice  and  careful 
attention  to  the  modes  of  proceeding  which  experience  has  proved  to 
be  the  most  efi"ectual.  Thus  an  important  rule  is  always  to  draw 
"  from  left  to  right  and  downwards."  To  allow  this  to  be  done,  the 
drawing  must  be  placed  with  the  summit  of  the  hill  to  the  left  hand, 
and  be  turned  round  as  the  work  progresses.  The  hachures  should 
always  be  commenced  at  the  crest  of  the  hill,  working  outwards 
towards  the  foot  of  the  slope.  They  should  be  drawn  firmly,  and  of 
a  length  varying  from  \  inch  to  J  inch,  according  to  the  width  of  the 
zone,  that  is,  according  to  the  greater  or  less  degree  of  the  slope,  as 
shown  in  Fig.  73,  at  a,  b,  c,  d.  When  the  hill  is  steep,  the  lines  are 
made  short  and  thick,  and  when  the  declivity  is  less,  they  are  made 
longer  and  lighter,  becoming  fine  and  clean  as  the  level  is  approxi- 
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mated  to.  A  diniculty  witli  lieuiimcrs  is  to  press  upon  the  pen  erpially 
from  tlie  beginning  to  tlie  end  of  tlie  stroke,  the  tendency  being  to 
press  more  lienvily  towards  tlie  end, 
thus  producing  a  wliip-Hke  appear- 
ance quite  opposed  to  artistic  eftiect, 
and  conveying  a  false  impression  of 
llie  character  of  the  ground.  A 
good  effect  is  produced  by  impart- 
ing a  slightly  tremulous  motion  to 
the  pen  when  drawing  the  ha- 
chures.     The  form  of  the  hill  being 

accurately  defined  by  the  pencil  contour  lines,  it  is  not  necessary 
that  the  accessory  curves  formed  by  the  shading  lines  should  be 
rigorously  continuous,  and  indeed  a  much  better  effect,  artistically, 
is  gained  by  avoiding  such  a  manner  of  drawing  them.  The  various 
sets  of  lines  must  be  placed  together,  end  to  end,  in  such  a  way  that 
the  groups  or  sets  shall  not  be  separated  by  a  vacant  space,  nor  over- 
lap each  other.  Care  must  be  taken  that  the  junctions  of  sets  in  two 
contiguous  zones  do  not  form  a  continuous  line  from  one  zone  to  the 
other,  but  everywhere  "break  joint."  Each  zone  must  be  filled  in 
before  the  next  lower  one  is  commenced,  the  drawing .  being  turned 
as  the  work  progresses  to  allow  the  rule  enunciated  above  of  "  from 
left  to  right  and  downwards"  to  be  complied  with.  The  distance 
between  the  shading  lines  must  be  increased  or  diminished  according 
as  the  width  of  the  zone  varies,  so  as  to  divide  the  space  equally  ; 
and  on  reaching  the  part  where  the  lines  w^ere  begun,  the  ends  must 
be  brouglit  neatly  together.  As  this  can  be  most  satisfactorily  accom- 
plished where  the  lines  come  close  together,  it  is  best  to  begin  at  the 
steepest  part  of  the  slope. 

In  taking  a  set  of  hachures  roimd  a  sharp  bend,  as  in  the  case  of 
a  spur  or  a  ravine,  a  practical  difficulty  occurs,  wliicli  difficulty  is 
increased  as  the  angle  becomes  more  acute.  The  most  effective  way  of 
overcoming  this  dilficulty  is  to  draw  a  pencil  line  down  the  spur  or 
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re-entering  angle,  as  shown  at  A  B  and  C  D  in  Fig.  74,  and  to  mark 
off  on  this  line,  at  the  proper  intervals,  small  arcs  of  the  same  radius, 

as  near  as  can  be  judged  by 
the  eye,  as  the  curve  of  the 
contour  line.  The  sets  of  ha- 
chures  on  each  side  may  then 
be  drawn  to  these  arcs.  Guid- 
ing lines, as  ah,  c  cl,  ef,  and ^  h, 
should  be  drawn  at  right  angles 
to  the  general  direction  of  tlie 
contours  to  ensure  the  hachures 
being  correctly  placed  before 
and  after  rounding  the  angle. 
For  this  method  of  carrying  a 
set  of  hachures  round  a  sharp 
curve,  we  are  mainly  indebted  to  Lieut.  R.  Pulford's  'Theory  and 
Practice  of  Drawing.'  When  this  method  is  not  employed,  the 
hachures  must  be  drawn  on  each  side  of  the  angle  first,  and  those  for 
the  angle  filled  in  separately. 

Great  care  must  be  taken  in  filling  in  the  zones  formed  by  the 
contour  lines,  that  the  drawing  when  finished  do  not  present  the 
appearance  of  separate  layers  or  bands ;  for  such  an  appearance  is  not 
only  quite  opposed  to  artistic  effect,  but  it  conveys  a  false  notion  of 
the  character  of  the  ground.  The  successive  zones  are  not  separate 
portions  of  the  surface,  but  each  is  a  continuation  of  the  one  adjoining 
it.  The  great  principle  to  be  observed  in  this,  as  in  all  matters  of 
hill  shading,  is  that  changes  of  slope  are  gradual.  When  the  contours 
are  only  pencilled  in  as  guide  line§  to  be  afterwards  erased,  the  above- 
mentioned  defect  may  be  avoided  by  drawing  the  hachures  over 
them^  without  reference  to  exact  spacing.  But  when,  as  is  usually 
the  case  in  regular  surveys,  the  contours  are  inked  in  in  dotted  lines, 
the  only  means  of  avoiding  it  is  to  space  the  hachures  on  each  side  of 
a  contour  line  at  the  same  distance  apart. 

The  student  of  map  drawing   should  practise  assiduously  this 
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system  oF  sliiiiliiiL;'  In  dctaclied  poitioiis  heforc  lUKlcrtakiiig'  llic  •IcIiiK.'a- 
tiou  of  a  coiiipk'te  liill.  lM)r  siicli  exercises,  either  a  soft,  medinin- 
pointed  steel  pen,  or  a  quill  may  be  used. 

7^/ie  Vertical  System  of  Shading. — Tlie  foregoing  system  of  sliading 
is  known  as  tlie  Horizontal,  and  is  now  generally  employed  in  this 
country  for  all  kinds  of  surveys.  There  is,  however,  another  system 
much  used  abroad,  and  frequently  adopted  here  for  engraved  maps. 
In  tliis  system,  which  is  known  as  the  vertical,  the  shading  lines  are 
made  to  radiate  from  or  converge  into  the  curved  parts  of  a  hill, 
according  as  they  project  or  re-enter.  Such  lines  are -called  lines  of 
greatest  descent;  they  are  supposed  to  describe  the  same  course  that 
water  would  describe  if  allowed  to  trickle  in  streams  down  the  slopes, 
and  lience  they  exhibit  both  the  direction  and  the  degree  of  the  slope. 
Having  the  horizontal  sections  given,  we  may  obtain  a  complete 
knowledge  of  the  direction  in  which  the  ground  slopes  by  drawing 
perpendicular  to  them  any  number  of  lines  of  greatest  descent;  the 
degree  of  declivity  is  expressed  by  purely  conventional  means.  The 
means  adopted  for  this  j^urpose  are  of  two  kinds.  One  depends  upon 
the  principle  of  vertical  illumination,  in  which  the  maximum  quantity 
of  light  is  reflected  upwards  to  the  eye  by  a  horizontal  surface,  and  a 
minimum  by  a  surface  inclined  45°  to  the  horizon.  This  is  the 
English  and  German  convention,  and  it  lays  more  stress  upon  the 
proportions  of  black  to  white  in  indicating  the  degree  of  slope,  than 
upon  the  distance  between  the  shading  lines.  The  other  convention, 
which  is  the  French,  on  the  contrary,  makes  its  expression  depend  more 
upon  the  distance  between  the  lines  of  greatest  descent  than  upon 
the  shade  of  colour  produced,  though  in  this  also  the  tint  is  graduated 
from  dark  to  light,  according  to  the  degree  of  declivity. 

A  scale  of  shade  is  used  for  this  system,  founded  upon  the  same 
principles  as  that  already  given  for  the  horizontal  system.  The  scale 
adopted  is  due  originally  to  ^Eajor  Lehmann,  of  the  Saxon  Infantry  ; 
but  it  has  received  some  modification  to  adapt  it  to  the  requirements 
of  practice.  Fig.  75  shows  Lehmann's  scale.  It  is  constructed  for 
every  5°,  from  a  level   up  to  a   slope  of  45°,  which   is  the  steepest 
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slope  at  wliich  earth  will  stand.  Each 
division  of  the  scale  corresponding  to  a 
given  slope  is  subdivided  into  nine  parts, 
to  show  the  proportions  of  hlack  to  white. 
For  a  level,  the  whole  of  these  spaces  are 
left  white  ;  for  a  slope  of  5°,  the  proportion 
is  one  black  to  eight  white ;  for  a  slope  of 
10°,  two  black  to  seven  wdiite;  and  so  on 
up  to  45°,  for  which  slope  we  have  all 
black.  The  longitudinal  divisions  of  the 
scale  below  that  against  the  outer  edge 
A  B  contain  the  same  proportions  of  black 
to  white,  but  equally  distributed  to  show 
the  mode  of  applying  it.  Thus,  in  the 
division  oprs^  corresponding  to  a  slope  of 
5°,  the  single  black  space  is,  in  E  F  G  H, 
divided  into  two  equal  parts  and  distributed ; 
in  GHIK,  these  two  parts  are  again  equally 
divided  and  distributed  ;  and  so  on  through- 
out the  other  longitudinal  divisions.  If  now 
tlie  scale  be  cut  off  along  the  line  L  M,  the 
part  L  M  C  D  will  constitute  a  scale,  the 
graduated  edge  L  M  of  which  will  furnish 
us  with  a  means  of  marking  off  the  distance 
between  the  centres  of  the  shading  lines. 

To  find  the  proportion  of  black  to 
white  in  the  foregoing  scale  for  any  given 
slope  : — Subtract  the  given  inclination  from 
45°  for  a  denominator,  and  put  the  given 
inclination  for  a  numerator.  In  the  scale, 
as  drawn  in  the  figure,  the  variations  are 
by  5° ;  but  it  is  obvious  that  a  scale  may 
be  drawn  in  the  same  manner  to  mark 
smaller  variations,  if  thought  desirable. 
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In  iippl>iiig  this  nietlioil  in  tlic  Ujiitcd  States'  Coast  Survey, 
it  was  remarked  that  "  this  scale  of  shade  does  not  represent  slopes 
greater  than  4"/^,  tlicreby  h'mifinL^  the  graphic  capabilities  and  eflect 
of  the  map.  It  also  makes  the  slopes  too  dark  as  they  approach  the 
inclination  of  45°,  and  does  not  well  represent  slopes  of  less  than  5°, 
which  latter  it  is  often  desirable  and  necessary  to  express  distinctly." 
Tlie  following'  modilication  was  tlierefore  nia<le  : — 


Slupe. 

Proportion  of               i 

KUick. 

White. 

2i°or    21° 
5°     „    G° 
10°    „11° 

15°   „i.;° 

'2i>^     „  'di}" 

1 

2 
3 

4 

5 

10 
9 

8 

7 
0 

I'ruportion  of 
Black.  White. 


By  this  scale,  the  slighter  slopes  are  represented  distinctly.  For 
slopes  less  than  16°,  the  shades  are  darker  than  in  Lehmann's  scale; 
this  makes  their  difference  more  noticeable.  Above  25°  the  shades 
are  lighter. 

A  further  modification,  whicli  for  ordinary  purposes  possesses  the 
advantages  of  simplicity  and  facility  of  application,  has  been  made  in 
England,  and  very  generally  adoj3ted.  This  modification  consists  in 
fixing  with  accuracy  only  three  proportions  of  black  to  white  for  three 
medium  slopes,  as  follows : — 


Slope. 


Proportion  of 


Black. 


White. 


Level 

15° 

22J° 


all 


Slope. 


Pruportiuii  of 


Black. 


White. 


3<f 
45= 


2 
all 


A  scale  of  shade  may  at  once  be  constructed  from  tliis  Table, 
by  assuming  the  thickness  of  the  shading  line  for  the  medium  slope 
of  22^°,  which  thickness  must  be  suited  to  the  scale,  and  to  the  degree 
of  fineness  and  finish  it  is  intended  to  give  the  drawing.     Generally, 
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if  the  lines  liave  such  a  relation  to  the  scale  of  the  drawing  as  to 
present  a  well-connected  appearance,  it  will  be  found  that  fewer 
shadino'  lines  and  a  rather  coarse  texture  will  conduce  more  to  clear- 
ness  of  expression  than  a  finer  texture,  which  tends  to  produce  a 
dryness  of  style.  In  shading  to  this  scale,  it  should  be  applied  to 
the  drawing  wherever  the  slope  corresponds  to  one  of  the  three  on 
the  scale.  Intermediate  slopes  ai-e  indicated  by  graduating  the 
thickness  of  the  shading  lines.  In  all  cases  a  good  deal  must  be  left 
to  correctness  of  eye  and  skill  of  hand. 

In  the  French  method,  as  we  have  said,  the  inclination  is 
expressed  by  the  distances  between  the  centres  of  the  lines  of  greatest 
descent.  The  limits  of  the  slopes  that  can  be  represented  by  this 
method  are,  \  or  45°  for  the  greatest  and  ~  or  0°  53'  43"  for  the 
smallest.  The  largest  scale  that  will  admit  of  conveniently  drawing 
the  lines  of  greatest  descent  is  ^  full  size,  or  about  S~  feet  to  a  mile. 
The  vertical  distance  between  the  horizontal  sections  is  generally 
taken  as  1  yard.  Hence  to  a  scale  of  -^  the  least  width  of  zone  will 
be  ~  inch,  and  the  greatest  ^  x  64  =  3^^  inches. 

The  distance  between  the  shading  lines  is  reckoned  from  centre 
to  centre,  and  is  determined  by  the  rule  : — To  the  distance  between 
the  upper  and  the  lower  curves  of  any  zone  add  -^  of  an  inch ;  a 
sixteenth  part  of  this  sum  will  be  the  proper  interval  for  the 
shading  lines.  The  distance  is  measured  along  the  line  of  greatest 
descent.  Thus,  if  the  inclination  be  ■—  and  the  scale  ^,  the  width 
of  zone  will  be  'OG  x  60  =  3*G0  inches,  and  by  the  rule  we  have 

— 77- — -  =  -?,--  =  0*244    inch.      Another    rule    is  :  —  To   a   fourth  of 

lb  10 

the  distance  between  the  upper  and  the  lower  curves  of  any  zone, 
add  Y^  of  an  inch ;  a  fourth  part  of  the  sum  will  be  equal  to  the 
interval. 

The  thickness  or  breadth  of  the  lines  is  made  to  vary  directly 
as  the  inclination  to  assist  in  expressing  the  declivity.  This  thickness 
is  determined  by  the  following  rule.  For  a  sloj^e  of  j  the  thickness  of 
the  shading  lines  is  equal  to  |  of  the  distance  between  their  centres. 
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and  tliis  tliicknoss  will  diiuinish  with  tliu  iiiclinalioii  (lowu  to  ^, 
wliere  tlic  lines  will  be  as  fine  as  they  can  be  drawn.  In  a  slope 
of"!  this  i-ule  will  ahva\s  niake  the  breadth  of  the  shading  lines  twice 
that  of  the  white  space  contained  between  them. 

To  represent  declivities  by  the  vertical  system  of  shading  a 
considerable  amount  of  practice  is  required.  This  practice  should  be 
commenced  by  drawing  repeatedly  the  scale  of  shade,  and  gradually 
applied,  as  proficiency  is  attained,  to  the  varying  inclinations  of  a  hill- 
side. Having  the  horizontal  sections  of  tlie  hill  given,  the  degree  of 
slope  should  be  written  upon  it  in  pencil  in  as  many  places  as  is 
necessary.  The  distances  between  the  centres  of  the  shading  lines 
may  then  be  marked  off  upon  the  upper  curve  of  the  zone  from 
the  scale  of  shade,  and  the  lines  of  greatest  descent  drawn  through 
the  points  thus  determined.  The  exact  proportion  of  black  to  white 
being  then  adopted,  the  colour  will  express  the  degree  of  the  slope, 
and  the  line  of  greatest  descent  will  show  its  direction. 

The  principle  of  making  the  shading  lines  longer  on  a  gentle 
slope  than  on  a  steep  one  should  be  adhered  to  generally ;  but  in  this 
matter    much   must   be   left   to  the 
judgment    and    the    skill    of    the  ^'*^*  '^' 

draughtsman.  Frequently  on  slight 
inclinations  it  w^ill  be  desirable  to 
divide  and  subdivide  the  zone  by 
medial  lines,  as  shown  in  Fig.  76, 
and  on  very  stee])  slopes  the  shading 
lines  may  be  drawn  over  two  or 
more  zones.      For   ordinary  scales 

the  extremes  of  length  may  be  fixed  at  ^  of  an  incli  on  the  steepest 
slopes,  and  f  of  an  inch  on  the  gentlest. 

It  is  not  necessary  to  repeat  the  process  of  construction  for  every 
line,  such  a  mode  of  proceeding  would  be  too  laborious  and  slow.  It 
will  be  sufficient  to  determine  the  lines  in  this  exact  manner  at  those 
parts  wdiere  the  greatest  changes  of  slope  occur.  Thus  a  group  should 
be  constructed  in  each  zone  where  the  slope  is  greatest  and  another 
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where  it  is  least,  after  which  a  few  intermediate  ones  may  be  put  in. 
The  vacancies  may  then  be  filled  in,  taking  care  to  graduate  the 
changes  in  passing  from  group  to  group.  By  this  means  we  do  not, 
of  course,  get  a  mathematically  exact  representation  of  the  surface, 
but  it  is  sufficiently  accurate  for  practical  purposes. 

When  the  preparatory  pencil  lines  have  been  drawn  in  and  the 
spaces  for  the  shading  lines  laid  off  by  dots,  the  shading  should 
be  commenced  at  the  steepest  part  of  the  upper  zone.  The  lines 
should  be  drawn  finnly  from  curve  to  curve,  taking  care  to  make  each 
row  terminate  evenly  at  the  lower  edge ;  they  must  always  be  drawn 
downwards  and  from  left  to  right,  proceeding  in  this  direction  round 
the  zone  till  the  point  of  setting  out  is  reached,  where  the  joining 
must  be  carefully  effected.  This  can  always  be  done  most  neatly 
where  the  lines  are  thickest,  as  we  have  previously  pointed  out.  The 
succeeding  zones  should  be  filled  up  in  the  same  manner.  As  changes 
must  be  gradual  in  every  direction,  care  must  be  taken  to  make  the 
contiguous  zones  blend  into  each  other.  When  it  is  required  to  pass 
from  a  light  zone  to  a  darker  one  beneath  it,  the  lower  ends  of  the 
lines  in  the  light  zone  sliould  be  thickened  a  little,  so  as  to  meet  the 
upper  ends  of  the  lines  in  the  dark  zone  with  nearly  the  same  colour. 
The  upper  ends  of  these  latter  lines  should  also  be  slightly  lightened. 
The  lines  of  one  zone  must  not  be  continued  into  those  of  the  next. 
Even  on  a  uniform  slope  such  a  prolongation  of  the  lines  would 
produce  a  hard  appearance,  which  should  be  avoided. 
But  in  the  case  of  a  conical  hill,  like  that  shown  in 
Fig.  77,  it  would  give  rise  to  an  error  in  principle ; 
for  soon  after  leaving  the  summit  we  should  have  too 
few  lines  of  descent.  When  the  hill  has  been  covered 
with  shading  lines,  the  base  and  tlie  summit  must  be 
softened  off  by  tapering  the  lower  end  of  each  line 
at  the  base,  and  the  upper  end  of  each  line  at  the 
summit.  To  give  the  taper  to  the  latter,  the  drawing  should  be  turned 
upside  down. 

When  the  curves  are  parallel  or  nearly  so,  the  shading  lines  are 


Fig.  77. 
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Fig.  78. 


strajf^lit,  and  also  iieaiJy  parallel.    I5ut  ^v]lcn  the  curves  depart  widely 
from  each  otiier,  the  shading  lines  will  themselves  have  a  slight  curva- 
ture, for  heing  lines  of  greatest 
descent,  they  must  he  normal  to 
the    curves.       In    such    cases,    a 
nuinher  of  normals  should  he  put 
in    at    short    distances    with    tlie     .' 
pencil,  as  shown  in  Fig.   78,   to  /■• 
serve    as  guides   to    the    shading    •, 
lines.      The  foregoing  directions 
for  shading  a  hill  apply  equally 
to  the  shading  of  a  hollow,    the 
shading  lines  in  which  are  con- 
verging. 

Occasionally  short  slopes  steeper  than  the  "  natural  slope"  of  45° 
will  l»e  met  with.  Such  heing  exceptions  to  the  law  of  slopes,  are 
marked  in  an  exceptional  manner.  When  the  surfaces  of  these  slopes 
are  of  earth,  they  are  shown  hy  hlack  lines  drawn  parallel  to  the 
horizontal  curves,  and  when  of  rock,  hy  hlack  lines  drawn  in  all 
directions,  not  intersecting,  hut  abutting  abruptly  upon  each  other  in 
short  heavy  masses,  as  shown  in  Fig.  78. 

Shading  in  Colours, — Frequently  in  topographical  drawings,  and 
still  more  frequently  in  mechanical  drawings,  colour  is  resorted  to 
to  produce  the  effect  of  shading  lines.  As  the  principles  according  to 
which  colour  is  applied  for  this  purpose  are  the  same  as  those  which 
determine  the  use  of  shading  lines,  there  remains  little  to  he  said  on 
this  matter  beyond  describing  the  modes  of  applying  the  colour. 

Hill  Slojyes. — In  representing  slopes,  the  tint  employed  to  give 
the  effect  of  that  produced  by  the  ink  lines  already  described  is  com- 
posed of  indigo  and  burnt  sienna,  and  is  applied  as  a  flat-wash.  A 
little  lake  is  added  to  neutralize  the  greenish  hue  of  this  tint  when  it 
is  to  be  laid  over  sand  or  cultivated  ground.  The  different  degrees  of 
intensity  required  to  express  the  inclination  arc  produced  by  repeating 
the  wash  over  those  parts  which  are  darker  than  the  rest.    To  accom- 
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jDlisli  tliis  neatly,  the  darker  portions  must  tjc  washed  in  first,  so  that 
the  final  washings  may  cover  the  whole  surface,  and  the  edges  of  each 
successive  wash  must  be  softened  off  or  Idended  into  tlie  next  with  a 
brush  and  clean  water.  In  shading  hills,  the  paper  along  the  crest 
of  the  slope  should  be  first  moistened  with  the  water-brush,  and 
before  it  dries,  the  laying  on  of  the  colour  should  be  begun  on  the 
moistened  part,  and  proceeded  with  down  the  slope.  The  effect  of 
representing  hills  by  this  method,  which  is  a  very  expeditious  one,  is 
much  improved  by  adding  light  shading  lines  with  the  pen,  either 
in  pale  ink,  or  a  mixture  of  indigo  and  burnt  sienna.  The  ground 
is  always  covered  with  its  appropriate  sign  before  the  shading  tint 
is  laid  on. 

Cylindrical  Surfaces  in  Mechanical  Drawings. — In  shading  cylin- 
drical surfaces  and  drawings  generally,  three  methods  are  employed. 
One  of  these  is  known  as  softening  off,  and  is  employed  on  finished 
drawings  of  machinery.  For  shading  by  this  method,  a  brush  called  a 
softener  is  required  ;  this  has  a  brush  at  each  end  of  the  handle,  one 
being  larger  than  the  other.  Having  moistened  the  paper,  and  filled 
the  smaller  brush  with  colour  and  the  larger  one  with  water,  a  narrow 
strip  of  colour  is  laid  along  the  darkest  part  of  the  cylinder,  and 
immediately  after,  while  the  colour  is  quite  moist,  the  water-brush  is 
drawn  along  one  edge  of  the  strip  and  then  in  like  manner  along  the 
other,  so  as  to  cause  the  colour  to  flow  over  that  portion  of  the  surface 
which  has  been  damped.  The  brush  is  then  wiped  upon  a  cloth  and 
drawn  lightly  down  the  edge  to  take  up  the  superfluous  water.  The 
colour  should  be  light  to  begin  with,  and  the  quantity  to  be  taken  in 
the  brush  must  be  determined  by  experience.  The  same  remark 
applies  to  the  water-brush,  for  if  too  little  be  used  the  colour  will  not 
spread  sufficiently,  and  if  too  much,  the  colour  will  be  diluted  and 
rendered  uneven.  These  operations  of  la3nng  on  the  colour  and 
softening  off  are  continued  until  the  cylindrical  appearance  has  been 
produced.  Each  succeeding  coat  should  be  laid  on  before  the  pre- 
ceding one  is  quite  dry,  as  the  colour  will  spread  more  evenly  over  a 
danqD  surface.    The  previously  applied  coat  must,  however,  have  been 
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sufiiciently  absorbed  not  to  wash  up,  or  a  clouded  appearance  will  l.)e 
the  result. 

Another  uiutliod,  kiiowji  as  tlie  French,  consists  iji  appl\in«^  a 
narrow  strip  of  colour  to  the  darkest  part,  and  ()V(  rlayinf^  this  with 
other  strips,  each  wider  than  the  one  previously  laid  on.  To  re"-ulatc 
the  breadth  of  the  strij)s,  a  number  of  meridian  lines  are  drawn  upon 
the  cylinder.  When  shaded  in  this  manner,  the  cylinder  presents  the 
appearance  of  a  polyg'on  rather  than  that  of  a  cylinder. 

The  third  method,  by  reason  of  the  facility  it  affords  of  producing 
effect,  is  very  suitable  for  large  drawings  and  diagrams  for  illustrating 
papers  and  lectures.  In  shading  according  to  this  method,  a  thick 
line  or  a  narrow  strip  of  very  thick  and  black  Indian  ink  is  laid  on 
the  darkest  part  of  the  cylinder  with  the  point  of  the  brush.  The 
breadth  of  the  strip  will  be  regulated  by  the  diameter  of  the  object, 
and  it  should  be  previously  lined  out  in  pencil.  When  drv,  a  damp 
brush  is  passed  over  it  so  as  to  remove  the  sharp  edges  of  the  strip, 
and  to  cause  the  ink  to  run  slightly  over  the  moistened  surface  of  the 
paper.  The  flat  colour  washes  are  then  applied  as  required,  the  washes 
being  carried  over  the  black  strips,  which  will  be  further  reduced  in 
tone  by  a  portion  of  the  ink  mixing  with  the  colour. 

In  shading,  it  will  be  found  convenient  to  keep  the  light  side  of 
the  object  next  to  the  operator,  as  it  is  easier  to  wash  towards  the  body 
than  from  it  with  the  water-brush.  The  brush  should  be  held  in  as 
nearly  a  vertical  position  as  possible,  as  it  is  more  easy,  when  that 
position  is  observed,  to  keep  within  the  boundary  lines. 


(  «li  ) 
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Section  I. — Lettering,  Bordering,  and  North  Points. 

Lettering. — The  lettering  of  a  |)lan,  map,  or  drawing  of  any  kind, 
occupies  a  prominent  and  conspicuous  position,  and  may  be  considered 
as  forming  an  essential  part  of  the  drawing.  It  is,  therefore,  obvious 
that  the  character  of  tiie  lettering,  and  the  degree  of  finish  introduced 
into  its  execution,  will  have  an  important  influence  on  the  general 
appearance  of  the  drawing.  Nothing  detracts  more  from  the  value  of 
a  map,  considered  as  a  work  of  art,  than  a  bad  style  of  lettering,  while, 
on  the  other  hand,  a  well-chosen  and  well-executed  style  is  both 
pleasing  to  the  eye,  and  produces  on  the  mind  an  impression  of  accu- 
racy in  the  more  important  features  of  the  work.  Hence  it  is  not 
merely  desirable,  but  necessary,  that  the  draughtsman  should  acquire 
the  ability  to  form  letters  correctly  and  neatly,  especially  if  he  be 
engaged  on  topographical  drawings,  into  which  lettering  enters  very 
largely. 

The  formation  of  letters  requires  great  attention  and  long  prac- 
tice. It  is  not  a  matter  in  which  much  assistance  is  to  be  derived  from 
descriptions  or  written  instructions  of  any  kind  ;  })ractice  alone  from 
good  models  will  give  the  requisite  skill.  The  difficulty  of  forming 
the  letters  correctly  and  of  uniform  dimensions  may,  however,  be  con- 
siderably lessened  by  using  guide  lines  drawn  in  pencil,  to  be  after- 
wards erased.  Such  lines  are  called  construction  lines,  and  the  mode 
of  employing  them  is  shown  in  Plate  4.  A  careful  study  of  this 
Plate  will  give  the  student  a  clear  understanding  of  the  use  of  these 
lines,  which  could  not  be  imparted  by  pages  of  description.  A  reference 
to  the  letters  B,  E,  and  T,  in  connection  with  the  construction  lines  will 
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sliow  most  rca<lily  tlic  iiaturu  and  tlie  degree  of  assistance  afforded  by 
the  latter. 

In  making  capitals,  eacli  letter  must  be  sketched  in  pencil;  the 
outline  must  then  be  drawn  in  iidc  with  a  firm  and  steady  line,  and 
afterwards  filled  up  witli  the  pen.  In  forming  tlie  small  roman 
and  italic  letters,  tliree  construction  lines  are  drawn,  tlie  lower  two 
to  limit  the  height  of  tlie  ordinary  letters,  and  the  upper  one  to  limit 
the  height  of  such  letters  as  d  and  Z,  and  the  capitals.  The  heavy 
})arts  of  these  letters  are  made  at  once  by  a  bold  pressure  of  the  pen. 
The  curved  portions  should  be  carefully  distinguished  from  the  straight. 
The  letters  a,  c,g,  o,  s,  &c.,  for  example,  are  composed  wliolly  of  curved 
lines.  They  should  be  drawn  symmetrically,  and  their  width  should 
be  only  a  little  less  than  their  height.  The  round  portion  of  the  7 
should  not  quite  reach  to  the  lower  line.  A  perfect  regularity  should 
be  maintained  throughout  the  letters,  as  the  beauty  of  their  appear- 
ance depends  greatly  on  this.  Care  must  also  be  taken,  in  italic 
writing,  to  keep  the  inclination  the  same  everywhere.  Manuscript 
lettering  should  be  more  extended  than  the  clear  roman  or  italic  type, 
for  crowding  greatly  mars  its  appearance. 

The  character  of  the  letters  employed  should  be  in  accordance 
with  that  of  the  drawing  upon  which  they  are  to  appear.  Thus  for 
engineering  and  mechanical  drawings,  there  is  nothing  more  suitable 
generally  than  the  plain  block  letter.  But  on  drawings  of  a  more 
artistic  and  ornamental  character,  a  more  elaborate  form  of  letter  may 
-and  should  be  used.  And  of  these  elaborate  forms,  there  will  always 
be  one  more  suitable  than  the  rest  to  the  particular  character  of  the 
drawing.  The  choice  of  this  form  is  a  matter  to  be  left  entirelv  to 
the  judgment  and  the  taste  of  the  draughtsman. 

Another  matter  on  which  tlie  draughtsman  will  have  to  exercise 
his  judgment  is  the  sice  of  the  letters  employed.  This  must  manifestly 
be  in  accordance,  first,  with  the  character  of  the  object  denoted,  and, 
second,  with  the  scale  of  the  drawing.  AYith  regard  to  the  former  of 
these  conditions,  it  is  obvious  that  propriety  will  demand  a  larger 
letter  for  the  city  than  the  town,  for  the  town  than  the  village,  ibr 
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the  village  than  the  farm,  and  for  the  mansion  than  the  gate-lodge. 
This  propriety  of  relative  importance  must  he  everywhere  observed. 
The  different  types  of  lettering  are  arranged  in  the  order  of  importance 
as  follows  : — 1.  The  upright  capital ;  2,  the  inclined  capital ;  3,  the 
upright  roman,  or  ordinary  small  type ;  and  4,  the  small  italic.  The 
draughtsman  will  have  to  exercise  his  judgment  in  suiting  the  size  to 
the  scale  of  the  map,  but  the  following  Table  may  be  taken  as  a  general 
guide : — 


Scale. 


■f^j,,   or  one  inch  to  fifty  feet. 
Wto'  or  two  feet  to  a  mile. 
•5^5^,  or  one  foot  to  a  mile. 
■YXiiau  •  ^^  f*^^""  inches  to  a  mile. 


Height  of  Upright  Capitals. 


Six- tenths  of  an  inch. 
Four        „         „ 
Three       „ 
Two 


Height  of  Small  Roman. 


Twelve-hundredths  of  an  inch. 
Eight  „  „ 

Six  „  „ 

Four  „  „ 


The  thickness  of  the  capital  should  be  one-seventh  of  the  height. 

As  far  as  practicable,  the  lines  of  lettering  should  be  parallel  to 
the  base  of  the  drawing.  Frequently,  however,  cases  will  occur  in 
which  it  will  be  desirable  to  letter  in  other  directions  and  in  curved 
lines.  In  writing  along  a  curved  or  very  irregular  outline,  the  course 
of  a  river  or  the  boundary  of  an  estate,  for  example,  an  agreeable  effect 
is  produced  by  making  the  linos  of  lettering  conform  in  some  degree 
with  the  outlines  against  which  they  are  written. 

The  arrangement  of  the  letters  in  titles  and  the  effective  dispo- 
sition of  the  words  are  also  matters  requiring  great  care  and  some 
taste.  The  design  and  the  execution  of  the  title  afford  another  oppor- 
tunity of  enhancing  the  beauty  of  a  drawing  by  a  display  of  striking 
arrangement  and  appropriate  ornamentation.  Plates  7  and  8  show 
some  useful  models  for  plans,  and  Plate  25  contains  some  specimens 
of  flourishes  which  may  frequently  be  introduced  with  pleasing 
effect.  The  form  which  the  title  shall  assume  and  the  space  which 
it  shall  occupy  must  be  determined  before  beginning  to  put  it  upon 
the  drawing.  To  avoid  erasures,  it  is  well  to  sketch  roughly  upon 
a  piece  of  paper,  a  trial  title,  emendations  in  which  can  be  easily 
made.     When  found  satisfactory,  draw  a  vertical  centre  line,  which 


APPLICATIONS.  G9 

slioukl  pass  through  the  middle  lettci-  of  each  lino.  Apply  this  centre 
line  to  the  centre  line  of  the  title  on  the  drawing,  and  liglitly  mark  in 
with  the  pencil  the  position  of  each  letter.  When  this  method  is  not 
adopted,  the  middle  letters  should  he  put  in  first  upon  the  centre  line, 
and  the  others  afterwards  inserted  from  left  to  right,  and  from  right 
to  left. 

In  maps,  the  title  may  be  placed  outside  the  border  if  it  consist 
of  one  line  only,  but  if  it  occupy  more  than  one  line,  it  should  be 
placed  within  the  border.  Generally,  it  should  be  placed  in  one  of  the 
corners  of  the  map,  and  its  size  should  bear  some  proportion  to  that  of 
the  map.  The  letters  composing  the  name  of  the  locality,  which  is 
usually  the  most  important  word,  should  not  exceed  in  height  three- 
hundredths  of  the  length  of  the  short  side  of  the  border.  The  letters  of 
tlie  other  words  will  vary  in  size  according  to  their  relative  importance. 

Borders. — Plain  borders  usually  consist  of  two  lines,  the  outer 
one  heavy,  and  the  inner  one  light.  The  heavy  line  should  1)6  equal 
in  breadth  to  the  blank  space  between  it  and  the  light  line,  and  the 
total  breadth  of  the  border,  that  is,  of  the  two  lines  and  the  space 
between  them,  should  be  one  hundredth  part  of  the  length  of  the 
shorter  side.  Ornamental  corners  may  be  made  to  embellish  a  drawing 
considerably,  and  they  afford  some  scope  to  the  fancy  and  the  taste  of 
the  draughtsman.  Several  examples  of  borders  and  ornamental 
corners  will  be  found  in  the  accompanying  Plates. 

North  Points. — The  meridian  or  north  and  south  line  is  an  indis- 
pensable adjunct  to  every  topographical  drawing.  When  the  extent 
of  country  represented  is  considerable,  it  is  usual  to  make  the  top  of 
the  map  the  north,  and  in  such  a  case  the  side  border  lines  are  meridian 
lines.  Frequently,  however,  in  plans,  the  shape  of  the  ground  does 
not  admit  of  this  arrangement,  and  then  it  becomes  necessary  to  mark 
a  meridian  on  some  i)art  of  the  map.  This  line  is  usually  made  a  con- 
S2)icuous  one,  and  its  north  extremity  is  often  ornamented  with  some 
fanciful  device.  The  ornamentation  of  the  meridian  line  should  be  in 
keeping  with  the  rest  of  the  map.  Plate  0  contains  several  examples 
which  may  be  adopted  or  modified  as  deemed  desirable. 


70  PLAN    AND    MAP    DliAWlNC. 


Section  II. — Scales. 

To  all  drawings  wliicli  do  not  show  the  full  size  of  the  ol.jects 
represented,  it  is  necessary  to  affix  the  scale  according  to  which  tlie 
objects  are  drawn.  Such  a  scale  is  called  a  scale  of  lengths  or  dis- 
tances, because,  by  means  of  it,  the  distance  from  one  point  to 
another  is  ascertained.  The  scale  of  distances  does  not  contain 
very  minute  subdivisions,  and  consequently  is  not  suitable  for  use 
in  constructimj  the  drawing.  For  the  latter  purpose,  another  scale, 
similarly  but  more  minutely  divided,  is  employed,  and  is  known 
as  the  scale  of  construction.  A  familiarity  with  the  modes  of  con- 
structing both  of  these  scales  should  be  early  acquired  by  the  young 
draughtsman. 

Scales  of  Distances. — One  means  of  denoting  the  scale  of  a  drawing 
is  furnished  by  what  is  called  its  representative  fradion,  the  denominator 
of  which  shows  how  many  times  greater  the  actual  length  is  than  that 
in  the  drawing.  Thus  a  scale  of  ^  shows  that  1  inch  on  the  drawing 
represents  24  inches  on  the  object ;  in  other  words,  that  the  ol  ject  is 
twenty-four  times  larger  than  the  drawing.  But  in  addition  to  this 
representative  fraction,  it  is  usual  to  afQx  a  graduated  straight  line, 
termed  a  scale,  for  the  purpose  of  conveniently  measuring  distances 
upon  it.  It  is  manifest  that  the  unit  of  length  in  this  scale  must  bear 
the  same  ratio  to  the  real  unit  of  length  that  a  line  in  the  drawing 
bears  to  the  line  whicli  it  represents.  Thus  if  the  representative 
fraction  be  -^-^,  I  inch  on  the  scale  will  represent  2  feet. 

Scales  of  distances  are  usually  of  such  a  length  as  to  be  a  mul- 
tiple of  10  linear  units  of  some  kind,  as  100  miles,  50  chains,  20  feet; 
and  this  length  should  also  be  such  as  to  allow  of  long  lines  being 
taken  off  at  one  measurement.  To  construct  the  sciile,  two  liglit  lines 
should  be  drawn  at  a  suitable  distance  apart,  and  below  the  lower  of 
these  lines  and  at  a  distance  from  it  equal  to  one-third  of  the  space 
between  them,  a  third  and  heavy  line  should  be  drawn.  The  })rimary 
divisions  may  then  be  made  with  the  compasses  in  the  following 
manner.     Supposing  the  number  of   divisions  to  be  five,  open  the 
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diviJers  to  wli;it  appears  to  be  the  liltli  }>art  of  tlie  line,  and  step  tliis 
distance  along  tlie  line;  if  the  fifth  step  exceed  or  fall  short  of  the 
end  of  tlic  line,  close  or  open  tlie  dividers  \  of  the  distance,  and  repeat 
the  trial.  This  is  the  rpiickcst  and,  for  larij;e  divisions,  the  most 
accurate  method  of  dividing  a  line.  To  render  the  divisions  more 
distinct,  draw  a  heavy  line  between  the  two  light  lines  in  alternate 
divisions.  The  left-hand  division  must  be  subdivided  into  the  units 
or  lesser  measures  of  which  it  is  made  up.  For  example,  if  the 
primary  divisions  are  each  of  10  feet,  the  subdivisions  will  be  feet; 
if  tliey  represent  feet,  the  subdivisions  will  be  inches,  and  so  on. 
The  subdividing  should  be  performed  in  the  following  manner. 
Having  erected  a  perpendicular  of  indefinite  lengtlr  from  the  left- 
hand  extremity  of  the  scale,  take  with  the  compasses  from  any  scale 
the  number  of  divisions  into  which  it  is  required  to  divide  the  part. 
With  this  distance  in  the  compasses,  strike,  from  the  first  primary  or 
zero  division,  an  arc  cutting  the  perpendicidar,  and  join  the  point  of 
intersection  to  the  centre  from  which  the  arc  is  struck.  Thus  we  shall 
have  a  right-angled  triangle  formed  of  the  first  primary  division  of  the 
scale,  the  perpendicular  and  the  radius,  the  latter  being  the  hypothe- 
nuse  (see  Fig.    79).      Mark   on    the  hypothenuse    the   divisions   to 

Fig.  79. 


Scale  of   rfa 


wliich  it  was  made  equal,  and  from  the  points  of  division  let  lall 
perpendicular  lines  upon  the  scale.  These  will  divide  the  latter  into 
the  required  number  of  equal  parts.  The  length  of  the  hypothenuse 
should  be  so  chosen  as  to  make  an  angle  not  greater  than  50°  with 

the  base. 

The  total  length  of  the  scale  will  be  determined  by  the  greatest 
length  which  it  is  required  to  read  off  at  once,  and  in  the  following 
manner.    Thus,  let  it  be  required  to  construct  a  scale  of  ^,  =  |  inch  to 
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the  foot,  to  show  12  feet.  Here  '5  inch  :  x  inches  : :  1  incli  :  12  inclies ; 
whence  x  =  i'2  x  ' ij  =  (J  inches.  This  distance  of  G  inches  must, 
therefore,  be  set  off"  upon  t]ie  hnes  intended  for  the  scale,  and  divided 
in  tlie  manner  described  above.  Again,  to  construct  a  scale  of 
,-^^,  =  6  inches  to  a  mile,  to   show   100  chains.      Since   G  inches 

1  0  o  6  0  '  ' 

represents  5280  feet  or  ^^  =  80  chains,  the  proportion  becomes 
6  :  .7^ : :  80  :  100  ;  whence  .i'  =  ^  =  7}  inches.  If  the  scale  is  ^^  = 
10  inches  to  a  mile,  =  5  chains  to  an  inch,  and  the  distance  to  be 
shown  is  30  chains,  w^e  have  I  :x  ::  i)  :  llO ;  or  .v  =  ^  =  G  inches. 
In  a  scale  of  10  yards  to  the  inch,  for  example,  the  representative 
fraction  is  10  x  3  x  12  =  3-^.  So,  on  the  contrary,  ^  z=  ^-  = 
10  yards  to  the  inch.  Sometimes  it  is  required  to  construct  a  com- 
parative scale,  that  is,  a  scale  having  the  same  representative  fraction, 
but  containing  other  units.  Thus  suppose,  for  example,  we  have 
a  Russian  plan  on  which  is  marked  a  scale  of  archines  measuring  a 
length  of  50  archines.  It  is  required  to  draw  upon  this  plan  a  com- 
parative scale  of  yards,  upon  which  a  distance  of  50  yards  may  be 
measured.  The  Russian  archine  =  '  777  yard.  Hence  we  have  the 
proportion  50  :  .t'  :  :  '777  :  1,  whence  a;  =  -—  =  64*35  archines. 
Measure  off  this  length  from  the  Russian  scale,  and  upon  it  con- 
struct the  English  scale  in  the  manner  already  described.  This  scale 
may  then  be  used  to  measure  distances  on  the  plan. 

Amongst  Continental  nations,  decimal  scales  are  usually  employed, 
which  are  far  more  convenient  in  practice  than  those  involving  the 
awkward  ratios  of  miles,  furlongs,  chains,  yards,  feet,  and  inches.  The 
decimal  scale  has  also  been  adopted  for  the  United  States'  Coast  Surve}', 
the  smallest  publication  scale  of  which  is  .^,,1^^ ;  this  is  also  the  scale 
of  the  new  map  of  France. 

In  choosing  a  scale,  regard  must  be  had  alike  to  the  purposes  for 
which  the  drawing  is  intended,  and  to  the  nature  and  the  amount  of 
detail  required  to  be  shown.  Thus  a  larger  scale  is  required  in  plans 
of  towns  than  in  those  of  the  open  countr}^ ;  and  the  smaller  and  more 
intricate  the  buildings,  the  larger  should  the  scale  be.  Also  a  plan  to 
be  used  for  the  setting  out  of  works  sliould  be  to  a  larger  scale  than 
one  made  for  parliamentary  purposes. 
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Tlie  following- Tables,  given  ])y  Raiikine  in  his  *  Civil  Engineering,' 
enumerate  some  of  the  scales  for  plans  most  commonly  used  in  Britain, 
together  with  a  statement  of  the  purposes  to  which  they  are  best 
adapted. 

Horizontal  Scales. 


Oriliiiury  l)(■^ignalioIl  of  Sailo. 


1. — 1  inch  to  a  mile 


2. — 4  inches  to  a  mile 


3. — 6  inches  to  a  mile 


Fraction  of 

real 
Dimensions. 


4. — G'SGH  inches  to  a  mile ,. 
5.— 400  feet  to  an  inch 


C. — 0  chains  to  an  inch 
7. — 15  •S4  inches  to  a  mile 
8. — 5  chains  to  an  inch,  or 
10  inches  to  a  mile. 


9. — 25  "344  inches  to  a  mile 


10.— 200  feet  to  an  inch 


11. — 3  chains  to  an  inch 

12.— 100  feet  to  an  inch 

13. — 88  feet  to  an  inch,  or  60 

inches  to  a  mile. 
14. — 63' 3()  inches  to  a  mile 
15. — i4    feet    to  an   inch,   or 

120  inches  to  a  mile. 
IG. — 126-72  inches  to  a  mile 
17._30  feet  to  an  inch 
18.— 20  feet  to  an  inch 
10. — 10  feet  to  an  inch 


1  oooo 

1 

♦  sTTiJ 


sou 
1 


Scale  of  the  smaller  Ordnance  maps  of  Britain.  This 
scale  is  well  adapted  for  maps  to  be  used  in  ex- 
ploring the  country. 

Smallest  scale  permitted  by  the  Standincr  Orders  of 
Parliament  lor  the  deix)sited  plans  of  proixjsed 
works. 

Scale  of  the  larger  Ordnance  maps  of  Great  Britain 
and  Ireland.  This  scale,  being  just  large  enough 
to  show  buildings,  roads,  and  other  important 
objects  distinctly  in  their  true  forms  and  propor- 
tions, and  at  the  same  time  small  enough  to  enable 
the  eye  of  the  engineer  to  embrace  the  ]j]an  of  a 
considerable  extent  of  country  at  one  view,  is  ou 
the  whole  the  best  adapted  for  the  selection  of 
lines  for  engineering  works,  and  for  parliamentary 
plans  and  preliminary  estimates. 

Decimal  scale  possessing  the  same  advantages. 

Smallest  scale  permitted  by  the  Standing  Orders  of 
Parliament  for  "  enlarged  plans  "  of  buildings  and 
of  land  within  the  curtilage. 

Scale  answering  the  same  pur]X)se. 

Scales  well  suited  for  the  working  surveys  and  land 
l)lans  of  great  engineering  works,  and  for  enlarged 
l)arliamentary  ])lans. 

(Scale  8  is  that  prescribed  in  the  Standing  Orders  of 
Parliament  for  "cross  sections"  of  proposed  rail- 
ways, showing  alterations  of  roads.) 

Scale  of  plans  of  i>art  of  the  Ordnance  survey  of 
Britain,  from  which  the  maps  before  mentioned 
are  reduced.  Well  adapted  for  land  plans  of 
engineering  works  and  plans  of  estates. 
Scale  suited  for  similar  purposes.  Smallest  scale 
]irescribed  by  law  for  land  or  contract  plans  in 
Ireland. 

Scale  of  the  Tithe  Commissioners'  plans.  Suited  for 
the  same  purposes  as  the  above. 

Scale  suited  for  plans  of  towns,  when  not  very  in- 
tricate. 

Scale  of  the  Ordnance  plans  of  the  less  intricately 
built  towns. 

Decimal  scale  having  the  same  projwrties. 

Scale  of  the  Ordnance  plans  of  the  more  intricately 
built  towns. 

Decimal  scale  having  the  same  projiertics. 

Scales  for  special  purjxises. 
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Vertical  Scales. 

Ordinary  Ucsignation  of 
Vertical  Scale. 

Kractioii  of 

real 

Height. 

llori/onlal  Scales  with 

which  the  Veitical  Scale 

Is  usually  combined. 

E.xaggeration. 

Use. 

from 

1, — 100  feet  to  an  inch 

1 
1 2u7r 

15»*0    to    ii,5fiO 

13-2  to  8-8 

Smallest  scale  permitted  by 
tlie  Standing  Orders  of 
Parlianicnt  for  sections 
of  jiroposed  works. 

2. — 40  feet  to  an  iiicli 

1 
4  «trTi 

7-Ao   t"  IfuW 

10  to  8-25 

Smallest  scale  permitted 
by  the  Standing  Orders 
of  Parliament  for  cross 
sections  showing  alter- 
ations of  roads. 

3._.30  feet  to  an  inch 

1 
sir  IT 

aOTTltoTITTTr" 

11  toG-6 

IScales  snitable  for  work- 
J     ing  sections. 

4. — 20  Ibet  to  an  inch 

^.U 

WSiTU  t'J  TSfir 

l(J-5  to9-9 

Tlie  vertical  scale,  or  scale  of  heights,  is  always  much  greater 
than  the  horizontal  scale  or  scale  of  distances,  and  the  proportion  in 
w^hich  the  vertical  scale  is  greater  than  the  horizontal,  is  called  the 
e:raggeration  of  the  scale.  This  exaggeration  is  necessary,  because 
the  differences  of  elevation  between  points  on  the  ground  are  in 
general  much  smaller  than  their  distances  apart,  and  would  there- 
fore, without  exaggeration,  be  unapparent,  and  also  because,  in  the 
execution  of  engineering  works,  accuracy  in  levels  is  of  more  im- 
portance than  accuracy  in  horizontal  positions. 

Scales  of  Construction. — Scales  of  construction  are  intended  to 
afford  means  of  measuring  more  minute  quantities  than  scales  of 
distances.  Of  the  former  there  are  two  kinds,  known  respectively 
as  the  Ducjonal  and  the  Vernie?'  scale.  The  diagonal  is  tlie  more 
frequently  employed.  Its  construction  involves  no  peculiar  difficulty, 
as  it  consists  simply  of  an  ordinary  scale  of  distances,  with  the  addition 
of  a  number  of  parallel  lines  crossed  by  other  parallel  lines  drawn 
diagonally  from  the  smaller  points  of  division.  An  example  will  best 
show  the  construction  and  mode  of  using  this  scale.  Suppose  it  to  be 
required  to  construct  a  scale  of  10  miles  to  the  inch,  showing  furlongs 
diagonally  ;  the  scale  to  measure  50  miles.  Here  1  :  10  : :  a*  :  50, 
whence  .^  =  5  inches.  Divide  this  length  of  5  inches  into  five  equal 
parts,  and  the  first  part  into  tenths  to  show  miles,  in  the  manner 
already  described  for  scales  of  distances.     Then,  since  it  is  required  to 
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show  furlongs  or  eigliths  of  a  mile,  eight  equidistant  parallel  lines 
must  be  drawn  above  the  scale,  at  a  convenient  interval  apart,  as 
shown  in  Fig.  80.  Produce  the  primary  points  of  division  to  meet 
the  top  parallel;  and  IVoni  the  last  secondary  point  of  division  diaw  a 
line  to  the  point  in  which  the  extreme  primary  division  meets  the  top 
parallel.  Draw  from  the  other  points  of  division,  lines  parallel  to  this 
one,  and  the  scale  will  be  complete.  It  will  be  seen  that  the  inclined 
lines  are  the  diagonals  of  the  rectangular  figures  formed  by  the  top 
and  bottom  parallels  and  vertical  lines  drawn  from  the  smaller  points 
of  division. 


Fig.  80. 
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To  use  this  scale,  suppose  a  length  of  2-1  miles  5  furlongs  is 
required.  Place  one  leg  of  the  dividers  upon  the  point  in  which  the 
fourth  diagonal  intersects  the  fifth  parallel,  and  extend  the  other  to 
the  point  in  which  the  primary  division  marked  20  intersects  the 
same  parallel.  In  like  manner,  if  the  distance  required  be  33  miles 
3  furlongs,  it  must  be  taken  from  the  intersection  of  the  third  diagonal 
with  the  third  parallel,  to  the  intersection  of  the  primary  division 
marked  30  with  the  same  parallel. 

It  is  obvious  that  if  a  scale  of  feet  showing  inches  diagonally  be 
re(pnred,  twelve  equidistant  parallel  lines  must  be  drawn  instead  of 
eight  as  in  the  foregoing  example  where  furlongs  are  required.  The 
diagonal  scale  possesses  the  important  advantages  of  accuracy  and 
distinctness  of  division  which  render  it  very  suitable  as  a  scale  of  con- 
struction. Another  practical  advantage  is  that  it  is  less  rapidly 
defaced  by  use  than  the  other  kinds,  in  consequence  of  the  measure- 
ments beinc:  taken  on  so  manv  dilferent  lines. 

The  construction  of  the  vernier  «cale  is   similar  to  that  of  the 
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graduated  arcs  of  surveying  and  astronomical  instruments.  The  prin- 
ciple of  the  vernier  is  as  follows.  If  a  line  containing  n  units  of 
measurement  be  divided  into  n  equal  parts,  each  part  will,  of  course, 
represent  one  unit ;  and  if  a  line  containing  n  +  \  of  these  units  he 
also  divided  into  n  parts,  each  part  will  be  equal  to  ''—^  units  ;  and  the 
difference  between  one  division  of  the  latter  and  one  of  the  former 
^vill  be  ^^  —  1  =  -  of  the  orio-inal  unit.     Similarly,  the  difference 

2 

between  two  divisions  of  the  one  and  two  of  the  other  will  be  -  of  a 
unit,  between  three  of  the  one  and  three  of  the  otlier,  -,  and  so  on. 
Hence,  to  obtain  a  length  of  \  of  a  unit,  we  have  only  to  make 
a  division  on  one  scale  coincide  with  one  on  the  other  scale;  the 
space  between  the  two  corresponding  .Tth  divisions  from  this  on  both 
scales  will  be  the  required  length  of  \  of  aunit.  The  same  reasoning 
will  evidently  hold  good  if  a  length  equal  io  n  —  I  be  taken. 

To  show  how  the  foregoing  principle  is  applied  in  practice,  we 
will  take  an  example.  It  is  required  to  construct  a  scale  of  j^  to  show 
feet  and  tenths  of  a  foot.  Construct  a  scale  in  the  ordinary  way,  and 
subdivide  it  throughout  its  whole  length,  as  shown  in  Fig.  81  ;  then 

Fig.  81. 
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each  division  will  show  one  foot.  Above  the  first  primary  division, 
draw  a  line  parallel  to  the  scale  and  terminating  at  the  zero  point.  From 
the  zero  point,  set  off  on  this  line  towards  the  left  a  distance  equal  to 
eleven  subdivisions,  and  divide  this  distance  into  ten  equal  parts.  Now, 
as  eleven  divisions  of  the  plain  scale  have  been  divided  into  ten  equal 
parts  on  the  vernier,  each  division  on  the  latter  will  represent  fj  =  1 '  1 
of  that  on  the  former ;  and  as  the  divisions  of  the  plain  scale  repre- 
sent feet,  those  of  the  vernier  will  represent  1  •  I  foot.  Consequently, 
the  distances  from  the  zero  of  the  scale  to  the  successive  divisions 
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on  the  vernier  are  M,  2-2,  3-;{,  i'-i,  5'5,  G'G,  7*7,  8-8,  9-9,  and 
11  feet.  It  will  be  seen  that  the  divisions  of  the  two  scales  are  made 
to  coincide  at  the  zero  point. 

The  mode  of  using  this  scale  will  be  seen  from  tlie  following 
example.  Let  it  be  required  to  take  off  a  distance  of  2(j  •  7  feet.  From 
zero  to  the  7th  division  of  the  vernier  is,  as  we  have  seen,  7*7  feet. 
Therefore,  to  ascertain  how  far  to  the  right  of  zero  we  must  go  to 
obtain  the  distance  of  20*7  feet,  we  must  subtract  7 '7  from  that 
distance,  which  gives  19.  Thus  to  take  off  the  distance,  one  leg  of 
the  dividers  must  be  placed  on  the  7th  division  of  the  vernier,  and  the 
other  on  the  lOtli  division  of  the  plain  scale.  If  the  distance  to  be 
taken  were  27*6  feet,  one  leg  of  the  dividers  would  have  to  be  placed 
on  the  Gth  division  of  the  vernier,  and  the  other  on  the  (27*0)  — 
(G'6)  =  21st  division  of  the  plain  scale. 

To  construct  a  scale  to  show  feet  and  inches,  make  the  vernier 
equal  to  thirteen  divisions  of  the  plain  scale  and  divide  it  into  twelve 
equal  parts.  Each  of  these  divisions  will  then  represent  jl  =  l-fj  ^^  ^ 
foot. 

Scales  of  construction  may  be  purchased  upon  box-wood  or  ivory, 
but  where  great  accuracy  is  important,  it  is  best  to  lay  down  the  scale 
upon  some  part  of  the  drawing,  as  in  such  a  case  it  expands  and  con- 
tracts w^ith  the  drawing  under  the  influence  of  moisture. 

Examples  of  scales  of  distances  will  be  found  on  Plates  8  and  9. 


Section  III. — Plotting. 

The  transference  of  the  measurements  determined  by  the  survey 
from  the  field-liook  to  the  paper  is  termed  jAotting.  The  operations 
of  plotting  are  very  simple,  and  the  ability  to  perform  them  properly 
may  be  acquired  witli  a  little  practice.  But  their  due  performance 
demands  the  same  extreme  care  and  attention  as  that  of  the  oiierations 
in  the  field,  for  it  is  obvious  that  the  })recautions  taken  to  ensure 
accuracy    in    the    latter    may    be    rendered    nugatory    by    inaeeurutu 
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plotting.  The  angular  instrument  used  in  plotting  is  tlie  protractor, 
and  to  ensure  correct  results  this  instrument  must  be  accurately 
divided.  When,  however,  the  survey  has  been  made  without  the 
aid  of  an  angular  instrument,  the  protractor  is  not  required  in  laying 
down  the  results.  In  such  a  case,  which  frequently  occurs  in  surveys 
of  small  extent,  the  lines,  having  all  been  chained  and  registered  in 
the  field-book,  are  laid  down  directly  from  the  scale  by  means  of  an 
ordinary  straight-edge  and  a  pair  of  compasses.  The  several  methods 
of  plotting  and  the  various  operations  involved  have  now  to  be  con- 
sidered. 

Reference  Lines  and  Points. — The  lines  chained  over  in  a  survey 
and  recorded  in  the  field-book  are  not  usually  the  actual  lines  existing 
on  the  ground,  but  imaginary  straight  lines  chosen  for  the  purpose  of 
referring  other  lines  and  points  to  them.  They  are,  therefore,  appro- 
priately termed  reference  lines,  and  all  points  situate  in  them  to  which 
other  lines  are  referred,  in  other  words,  all  points  in  a  reference  line 
in  which  other  reference  lines  intersect  it,  are  termed  reference  j^oints. 
Eeference  lines  are  generally  made  to  form  triangles  for  facility  of  com- 
putation, and  these  triangles  enclose  the  area  to  be  surveyed.  But  to 
determine  the  details  included  within  them,  it  is  necessary  to  form 
other  and  smaller  triangles  within  the  larger  ones  first  laid  down. 
The  latter  are,  therefore,  distinguished  as  Primary  and  the  former  as 
Secondary  triangles,  and  the  lines  of  which  they  are  comjDosed  are 
called  primary  and  secondary  reference  lines. 

Plotted  Points. — In  laying  down  a  line  of  definite  length  upon 
paper,  the  positions  of  its  extremities  are  determined  and  marked  by 
pencil  dots ;  such  dots,  or  rather  the  points  indicated  by  such  dots,  are 
termed  plotted  points.   The  line  is  drawn  by  joining  the  plotted  points. 

To  Plot  Reference  Lines  and  Points. — To  plot  a  reference  line 
of  a  given  length  when  the  position  of  neither  of  its  extremities  is 
given,  a  light  dot  must  be  made  upon  the  paper  in  a  convenient  part 
to  indicate  the  position  of  one  extremity.  The  pencil-point  mark 
should  be  as  light  and  well  defined  as  possible,  and  hence  it  is  essential 
that  the  pencil  used  should  be  hard,  and  always  kept  pared  to  a  fine 
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conical  point.  Tlio  scale  muBt  then  bo  applied,  in  the  diiection  of  the 
line  to  he  drawn,  with  its  zero  point  coincident  with  the  plotted  point. 
The  scale  sliould  be  lightly  but  firmly  held  in  this  position  with  the 
left  hand.  The  distance  of  the  other  extremity  of  tlie  line  must  then 
lie  found  upon  the  scale,  and  the  eye  placed  directly  over  the  line  of 
the  graduation  ;  this  is  necessary  to  the  correct  placing  of  the  point, 
and  it  is  wxdl  to  train  the  eye  to  trace  accurately  the  prolongation  of 
the  line  of  graduation  upon  the  paper.  A  dot  must  be  placed  in  tlie 
prolongation  of  this  line  and  close  to  the  edge  of  the  scale,  to  mark 
the  position  of  the  other  extremity.  The  reference  line  is  then  to  be 
(h-awn  between  these  two  plotted  points  with  a  sli.'irp  chisel-pointed 
jaencil.  Reference  lines,  like  reference  points,  should  be  well  defined, 
but  drawn  as  fine  and  light  as  possible.  The  degree  of  fineness  and 
lightness  should  be  such  that  wdien  the  detail  is  finely  but  firmly  out- 
lined, the  reference  lines  and  points  may  not  be  visible,  except  on  a 
close  inspection  of  the  surface. 

To  plot  secondary  reference  lines,  as,  for  example,  a  number  of  off- 
set lines,  apply  the  scale  so  that  its  edge  may  be  parallel  to  and  almost 
over  the  pencil  trace  of  the  primary  line  and  its  zero  point  coincident 
with  the  point  at  which  the  line  begins.  Care  must  always  be  taken 
to  place  the  zero  of  the  scale  at  the  beginning  of  the  line,  and  not  at 
the  end  of  it.  At  the  distances  recorded  in  the  field-book  as  those 
at  which  the  offsets  were  taken,  plot  ujDon  the  line,  in  the  manner 
described  above,  the  points  indicating  the  extremities  of  the  offset 
lines.  All  other  points,  such  as  stations  and  intersection  of  fences, 
roads,  and  streams,  should  be  plotted  at  the  same  time.  Around  all 
stations,  a  light,  hand-drawn  circle  should  be  placed,  and  intersections 
marked  by  small  cross  lines.  This  being  done,  j^l^^ce  the  offset  scale 
so  that  the  zero  may  coincide  with  the  plotted  jDoint  in  the  reference 
line  and  the  edge  be  perpendicular  to  the  line.  To  bring  the  edge 
into  this  position,  the  end  of  the  scale  should  be  placed  parallel  to  the 
reference  line  ;  this  is,  of  course,  assuming  the  scale  to  be  perfectly 
rectangular,  as  it  ought  to  be.  The  other  extremities  of  the  lines  may 
then  be  plotted  in  the  same  manner  as  those  of  the  primary  lines. 
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Liue  3. 


Line  2. 


To  illustrate  the  foregoing  remarks,  let  it  be  required  to  plot  tlie 
following  portion  of  a  field-book. 

Having  laid  down  in  a  convenient  part  of  the  paper  the  begin- 
ning of  Line   1,   place  the  edge  of  the  scale  so  that  the  zero  may 

coincide  with  the  plotted  point 
and  the  edge  be  parallel  to  one 
of  the  meridians.  Holding  the 
scale  firmly  in  this  position,  plot 
the  distance  2504  links,  and 
join  the  plotted  points.  Then, 
without  removing  the  scale, 
plot  upon  this  reference  line 
the  distances  at  which  the 
secondary  or  ofiset  lines  were 
taken,  that  is  at  420,  850,  1220, 
1440,  1610,  1790,  and  2000 
links.  In  this  case  we  have 
nothing  but  offsets ;  had  there 
been  stations  or  intersections  of 
fences,  roads,  or  streams,  these 
would  have  had  to  be  plotted 
at  the  same  time,  and  distin- 
guished by  an  appropriate  mark. 
Line  2  begins  at  the  end  of 
Line  1,  and  returns  on  the  left 
at  an  acute  angle,  as  indicated 
by  the  arrow  in  the  field-book. 
But  as  the  magnitude  of  this  angle  is  not  known,  the  survey  having 
been  taken  with  the  chain  alone,  the  exact  direction  of  Line  2  must  be 
ascertained  in  the  following  manner.  Take  the  length  of  the  line  in  the 
compasses,  and  with  this  distance  as  a  radius,  strike  an  arc  from  the  end 
of  Line  1.  Also  with  the  length  of  Line  3  as  a  radius,  strike  an  arc 
from  the  beginning  of  Line  1,  at  which  point  Line  3  closes,  inter- 
secting the  former.      The  jDoint  of   intersection  will  be  the  end  of 
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Line  2.  Join  tin's  point  1o  tlic  end  of  Line  1,  ami  plot  the  ofFset 
reference  points  upon  this  line  in  the  manner  already  described  for 
Line  1.  Line  3  begins  at  the  end  of  Line  2,  and  terminates  at  the 
beginning  of  Line  1 ;  hence  both  extremities  l)eing  determined,  we 
have  only  to  join  these  points,  and  to  plot  the  offset  reference  points 
as  before.  Had  a  split  line  been  taken  for  the  sake  of  accuracy  from 
the  angle  A  C  B  to  the  base  Line  1,  the  intersection  of  this  line  should 
have  been  plotted  upon  Line  1,  and  the  position  of  the  end  of  Line  2 
found  by  striking  an  arc  from  this  point  also  with  a  radius  equal  to 
tlie  length  of  the  split  line.  If  the  distances  have  been  correctly 
measured  in  the  field  and  correctly  taken  from  the  scale,  the  three  arcs 
will  intersect  at  the  same  point.  If  they  do  not  so  intersect,  the  error 
must  be  noted  in  an  error-sheet,  and  corrected  in  the  field  before  pro- 
ceeding further.  It  may  be  remarked  here  that  on  account  of  the 
irregularities  of  the  surface  chained  over,  all  measured  lines  are  liable 
to  be  recorded  a  little  too  long.  One  link  in  ten  cliains  may  be  allowed 
for  this  source  of  error.  Assuming,  however,  tliat  the  primary 
reference  lines  "  close  "  properly,  the  offset  lines  may  be  plotted  in 
the  manner  already  described,  and  the  detail  or  boundary  lines  drawn 
in,  which  in  the  present  instance  are  hedges.  Fig.  82  shows  the 
survey  as  laid  down  in  the  foregoing  notes. 

When  the  survey  has  been  made  with  the  aid  of  an  angular 
instrument,  the  method  of  plotting  the  primary  reference  lines  differs 
somewhat  from  the  foregoing.  In  this  case,  the  paper  should  be  first 
covered  with  a  number  of  parallel  straight  lines  ruled  about  an  inch 
and  a  half  apart  to  represent  magnetic  meridians.  The  first  station 
may  then  be  marked  upon  one  of  these  meridians  in  a  convenient  part 
of  the  paper.  To  lay  down  the  first  reference  line,  apply  the  pro- 
tractor to  this  meridian  with  its  centre  point  coincident  with  the 
plotted  point,  and  from  the  bearing  recorded  in  the  field-book,  lay 
oft'  the  given  angle.  Join  the  two  plotted  points  and  produce  the  line 
indefinitely  ;  and  upon  this  line  lay  oft'  a  distance  equal  to  the  length 
of  the  measured  line.  The  second  reference  line  must  be  drawn  in  the 
same  manner,  fi-om  the  end  of  the  first,  by  hiyini;-  off  fioni  tliat  point 
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the  recorded  angle.     But  as  tlie  end  of  the  first  line  will  probably  not 

fall  upon  a  meridian, 
tlie  protractor  will  have 
to  be  moved  up  to  the 
jioint  by  means  of  a 
])arallel  ruler  adjusted  to 
tlie  nearest  meridian.  A 
more  convenient  and  a 
more  accurate  method, 
however,  is  to  make  the 
left  of  the  drawing  re- 
present the  north  while 
plotting,  and  to  use  the 
T-square  instead  of  the 
parallfcl  ruler.  All  sub- 
sequent lines  are  plotted 
in  the  same  way.  In- 
stead of  covering  the 
paper  with  meridians 
before  commencing  to 
plot,  it  may,  in  some 
cases,  be  found  more  con- 
venient to  draw  with 
the  set  and  T  squares  a 
short  meridian  through 
the  point  as  required. 

To  lay  down  Fig. 
82  in  this  manner,  hav- 
ing fixed  the  first  station 
A,  the  length  of  the  first 
primary  reference  line 
A  B  may  be  laid  off 
^  upon  the  meridian,   be- 

cause in  this  case  the  bearing  being  due  nortli,  the  reference  line  will 
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1)0  coincident  with  the  meiidiuii.  Tliis  done,  the  pnjtractor  is  to  l^e 
placed  over  the  plotted  point  B  and  the  second  hearing  laid  down. 
Having  plotted  the  len^ili  of  tliis  line  in  the  ])oint  C,  the  third 
reference  line  CD  will  he  determined  hotli  in  length  and  directicjii 
by  the  plotted  points  C  A,  which  should  be  joined  and  the  line  measured 
to  ascertain  whether  its  length  corresponds  with  the  measured  dis- 
tance. If  these  do  not  correspond,  the  angle  must  be  replotted  and 
the  lengths  laid  off  anew  to  discover  the  source  of  the  error.  Assuming, 
however,  that  the  lines  close  properly,  the  offsets  and  other  secondary 
points  may  be  next  plotted  in  the  manner  previously  described. 

Angles  may  be  more  accurately  laid  down  by  means  of  a  table  of 
natural  sines  and  cosines  and  a  linear  scale  than  by  means  of  a  j)ro- 
tractor.    This  is  especially  true  wdien  the  angles  are  subtended  by  long 
lines,  as,  for  example,  lines  of  3,  4,  and  even  6  feet.     In  such  cases, 
a  protractor  is  of  little  use.     This   mode  of  laying  down  angles   is 
also  convenient  in  some  cases  where  angles  have  been  taken,  but  some 
of  the  sides  not  measured.     In  using  the  table,  it  must  be  remembered 
that  the  radius  of  the  sines  and  cosines  is  taken  as  unity  ;  therefore,  to 
find  the  sine  and  cosine  for  any  other  radius,  the  sine  and  cosine  in  the 
tables  must  be  multiplied  by  that  radius.   To  lay  dow^n  the  angle  ABC 
in  Fig.  82,  the  reduced  cosine  of  the  angle  should  be  plotted  from  B  in 
the  point  a,  according  to  some  scale.     The  scale  length  of  the  reduced 
sine  should  then  be  scribed  from  «,  and  the  scale  length  of  the  radius 
scribed  from  B.    A  line  drawn  from  B  through  the  point  of  intersection 
of  the  scribes  will  lay  down  the  angle  corresponding  to  the  sine  and 
cosine  in  the  table.    Suppose  the  radius  chosen  to  be  5  chains,  the  angle 
being  32°  30'.    The  cosine  of  32°  30'  is  -8434,  which  multiplied  by  5, 
the  assumed  radius,  =  4' 2170.     Lay  oif  this  distance  from  B  on  the 
base  AB.     The  sine  of  32°  30'  is   -5373,  which  multiplied  by  ".,  = 
2  "6805.     From  the  point  a,  which  is  distant  4*2170  chains  from  B, 
with  a  radius  equal  to  2 '0865  chains,  describe  an  arc;  and  from  the 
point  B,  with  a  radius  C(j[ual  to  f)  chains,  describe  another  arc.    From  I^ 
draw  a  line  through  the  intersection  of  these  arcs,  and  lay  oft"  upon  it 
the  measured  length  of  104(1  links  as  recorded  in  tlic  lield-book. 

M  2 
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If  only  the  length  of  the  Lase  A  B  and  the  magnitudes  of  the 
angles  ABC  and  BAG  were  given,  the  lengths  of  the  sides  B  C  and 
A  C  would  have  to  he  calculated  hy  trigonometrical  formula?.  This 
method  of  calculating  the  lengths  of  the  sides  of  triangles  and  plotting 
them  with  the  beam  compasses,  like  chained  triangles,  is  the  most 
accurate  for  laying  down  the  great  or  primary  triangles  of  a  survey. 

When  it  is  required  to  plot  according  to  this  principle  a  solitary 
angle,  as,  for  example,  that  between  a  station  line  and  the  meridian,  a 
circle  should  be  drawn  with  as  large  a  radius  as  practicable  round  the 
station  at  which  the  angle  is  to  be  laid  down.  The  distance  between 
the  points  at  which  the  two  lines  enclosing  the  angle  cut  that  circle  is 
then  found  by  multijilying  the  radius  by  the  chord  of  the  angle,  that 
is,  by  twice  the  sine  of  half  the  angle. 

It  sometimes  happens,  particularly  in  extensive  survey's,  that  all 
the  angular  points  of  some  triangles  cannot  be  plotted  upon  the  same 
sheet  of  paper.  In  such  cases,  the  plot  of  the  outlying  points  and  the 
sides  of  the  triangles  may  be  laid  down  in  the  following  manner. 
Plot  the  intersected  triangles  independently  and  trace  them  on  tracing 
paper.  Then,  having  drawn  a  fine  line  upon  both  sheets  to  represent 
the  sheet  edge,  lay  the  points  on  the  trace  corresponding  to  those 
already  plotted  on  the  first  sheet  down  upon,  and  make  them  to 
coincide  with,  the  latter.  Secure  the  trace  in  this  position  and  trace 
the  sheet  edge  line  upon  it.  The  intersected  lines  may  now  be  plotted 
on  the  fair  sheet  with  a  pricker  at  points  outside  the  sheet  edge  line. 
Next  apply  tlie  trace  to  the  second  sheet  and  make  the  sheet  edge 
lines  coincide.  Having  secured  the  trace  in  this  position,  the  points 
and  tlie  intersected  lines  on  this  second  sheet  may  be  plotted  upon  the 
fair  paper  by  means  of  the  pricker. 

To  Plot  Traverse  Reference  Lines. — In  plotting  a  traverse  survey 
in  which  the  angles  have  been  measured  from  a  fixed  line  of  direction, 
the  magnetic  meridian,  the  direction  of  the  lines  may  be  all  laid  down 
at  the  first  angular  point.  An  example  will  best  show  the  method 
employed  in  this  case.  It  is  required  to  lay  down  the  traverse  shown 
in  Fig.  83.         -  - 
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In  a  convenient  part  of  tlie  paper  draw  tlie  straiglit  line  N  i^  to 
represent  the  magnetic  meridian,  and   plot  uj»on  it  tlie  first  station  A. 


Fig.  83. 


Set  the  protractor  with  its  centre  accurately  placed  over  this  point  and 
its  oGOth  and  180th  divisions  coinciding  with  the  meridian.  Holding 
the  instrument  securely  in  this  position,  lay  off  around  it  all  the 
hearings  as  entered  in  the  field-hook,  numhering  them  in  the  order  in 
which  they  were  taken.  Against  each  of  these  numhers  it  is  well  to 
place  the  j^age  of  the  field-hook  on  which  the  measurement  of  the 
angle  and  the  survey  of  the  line  are  entered.  The  [ilotting  must  now 
he  commenced  hy  laying  down  the  iirsl   line  through  the  lir.^t  hearing 
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and  determining  its  length  from  the  recorded  measurements.  The 
direction  of  the  second  line  has  next  to  be  transferred  from  the  first 
station  A  to  the  extremity  of  the  first  line,  or  the  second  station  B.  This 
is  accomplished  by  means  of  the  parallel  ruler,  by  placing  the  edge  of 
the  ruler  through  the  plotted  point  and  the  point  marked  as  bearing  2, 
and  extending  it  till  the  same  edge  intersects  the  point  B.  A  line  is 
then  to  be  drawn  from  this  point  and  its  length  laid  off  from  the  field- 
book  as  before.  The  direction  of  the  third  line  will  then  be  trans- 
ferred from  the  first  angular  point  to  the  end  of  the  second  line,  or 
station  C,  in  the  same  manner.  This  will  be  continued  for  all  the 
lines  in  the  traverse,  and  if  all  the  measurements  have  been  correctly 
laid  down,  not  only  will  the  last  line  pass  through  the  point  A,  but  it 
will  be  of  the  same  length  as  the  chained  line.  Also  the  bearings 
taken  from  A  to  E  and  H  will  pass  through  these  latter  stations. 
These  proof  line  bearings  should  1)0  laid  down  at  the  same  time  as  the 
reference  line  bearings,  from  which  they  should  be  distinguished  by 
some  sign.  The  directions  of  the  reference  lines  should  be  consecu- 
tively transferred,  and  the  length  of  each  line  should  be  plotted  in  its 
proper  place  before  the  direction  of  the  next  is  transferred.  To  ensure 
the  work  closing  properly,  great  care  must  be  taken  to  plot  the  points 
accurately  and  to  draw  the  pencil  lines  fine. 

The  degree  of  accuracy  to  be  attained  will  depend  in  a  great 
measure  upon  the  extent  of  the  traverse.  With  long  lines  the  diffi- 
culties increase,  and  with  a  great  number  of  angles  the  chances  of 
error  are  multiplied.  If  the  angles  are  carefully  taken,  it  is  probable 
that  seconds  have  been  read  off  in  several  instances,  and  these  if 
neglected,  especially  upon  long  chain  lines,  may  lead  to  an  error  of 
some  importance.  Also  when  the  lines  are  long,  the  parallel  ruler 
becomes  practically  useless,  and  some  other  system  has  to  be  adopted. 
One  way  of  overcoming  these  difficulties  is  to  draw  a  parallel  to  the 
first  meridian  through  every  third  or  fourth  angle ;  in  such  a  case, 
great  care  must  be  observed  in  drawing  the  parallels.  A  more  easily 
practicable  method,  however,  is  to  use  the  T-square  in  the  manner 
already  described.  If  the  left-liand  edge  of  the  drawing  board  be 
made  the  north,  the  blade  will  determine  meridional  lines,  and  by 
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laying  tlie  straiglit  side  of  a  semicircular  protractor  against  tlie  edge 
of  the  blade,  its  zero  will  be  adjusted  to  tlie  fixed  line  of  direction. 
The  first  bearing  having  been  laid  down,  the  line  is  drawn  and  made 
the  scale  length  of  the  chain  line;  the  blade  of  the  square  is  then 
pushed  to  the  station  thus  found,  and  the  next  bearing  set  off.  This 
operation  is  repeated  until  all  the  lines  have  been  laid  down.  If  the 
work  closes  properly,  the  plotting  of  the  secondary  lines  may  be  pro- 
ceeded with. 

The  most  accurate  method  of  plotting  a  traverse  is  by  rectangular 
co-ordinates,  or,  as  it  is  usually  termed,  Nortliings,  Southings, 
Eastings,  and  Westings,  because  the  position  of  each  station  is  plotted 
independently,  and  is  not  affected  by  the  errors  committed  in  plotting 
previous  stations.  This  method  consists  in  assuming  two  fixed  lines  or 
axes  crossing  each  other  at  right  angles  at  a  fixed  point,  computing 
the  perpendicular  distances  or  co-ordinates  of  each  station  from  those 
two  axes,  and  plotting  the  position  of  each  station  by  -pia.  si. 
means  of  the  T  and  set  squares  and  a  linear  scale. 
The  meridian  is  usually  made  to  represent  one  of  the 
axes,  and  in  this  case  the  co-ordinates  parallel  to  one 
axis  will  be  the  distances  of  the  stations  to  the  north 
or  south  of  the  fixed  point,  and  those  parallel  to  the 
other  axis  will  be  their  distances  to  the  east  or  west  of 
the  same  point.  Let  N  S,  Fig.  84,  represent  the 
meridian,  and  A  B  the  first  bearing  taken,  and  the  first 
line  measured.  The  angle  in  this  case  is  N  A  B  =  ^. 
If  0  is  an  acute  angle,  the  second  station  B  is  to  the 
north  of  the  first  station  A  ;  if  it  is  an  obtuse  angle,  B 
is  to  the  south  of  A.  If  the  angle  6  lies  to  the  right 
of  the  meridian,  B  is  to  the  east  of  A ;  if  to  the  left,  to 
the  west.  Thus  it  will  be  seen  that  if  the  northernly  and  easternly 
directions  are  considered  positive,  the  southernly  and  westernly  direc- 
tions will  be  negative.  From  the  foregoing  it  is  manifest  that  the 
co-ordinates  of  B  are  as  follows  : — 


Northing  A  a  =  6  B  (or  if  negative,  southing)  =  A  B  x  cos.  ff. 
Easting    Ah  =  aB  (or  if  negative,  westing)   =  A  B  x  sin.  0. 
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Fig.  85. 


To  plot  tlie  point  B,  draw  tlirongli  tlie  point  A,  w^tli  tlic  aid  of 
the  T-square,  a  horizontal  line.  Multiply  the  chained  length  of  the 
line  A  B  by  the  sine  of  tlie  angle  N  A  B  as  entered  in  the  field-book, 

and  set  off  this  distance  along 
the  horizontal  line.  From 
the  point  thus  determined, 
erect,  with  the  aid  of  the  set 
square,  a  perpendicular,  which 
will  be  parallel  to  the  me- 
ridian. IMultiply  the  chained 
length  of  A  B  by  the  cosine 
of  the  angle  NAB,  and  set 
off  this  distance  along  ihe 
perpendicular  line.  The  point 
thus  determined  w^ll  be  the 
position  of  the  second  station 
B,  which  may  then  be  joined 
to  A  by  a  straight  line. 

The     mode    of     laying- 
do  wn  the  survey  in  Fig.  85 
will  now  be  obvious.    Having 
determined   the    position    of 
the  second  station   B  in  the 
manner  just  described,  draw 
a  horizontal  line  through  B 
and      determine     the     third 
station  C  in  the  same  w^ay. 
Tlie  fourth  station  D  being 
to  the  left  of  the  meridian 
passing  through  0,  c  d  is  a 
westing  and  is  to  be  considered  as  negative.    Therefore  the  horizontal 
line  through  C  must  be  drawn  to  the  left  of  that  station,  and  the 
station  D  determined  in  the  same  manner  as  the  preceding  stations. 
The  results  of  all  these  calculations  should  be  entered  in  a  book, 
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in  four  columns,  for  northings,  southings,  eastings  and  westings 
respectively.  Also  in  four  other  columns  should  he  entered  tlie  total 
northing  or  southing,  and  easting  or  we.^ting,  of  each  station  from  tlie 
first  station,  computed  by  adding  all  tlie  successive  northings  and 
subtracting  the  southings  made  in  traversing  to  the  station,  the  result 
being  a  nortliing  if  positive,  and  a  southing  if  negative.  The  same 
treatment  is  applied  to  the  eastings  and  westings.  This  affords  a 
means  of  testing  the  accuracy  of  the  work.  It  is  also  obvious  that  the 
position  of  the  last  or  any  station  may  be  determined  by  this  means 
without  plotting  the  intermediate  stations. 

Let  it  be  observed  that  both  6  and  sin.  6  are  positive  or  negative 
according  as  that  angle  lies  to  the  east  or  to  the  west  of  the  meridian  ; 
and  that  the  cosines  of  obtuse  angles  are  negative. 

To  Plot  Detail. — By  "  detail "  is  meant  outlines  or  objects 
whether  natural  or  artificial,  such  as  fences,  walls,  rivers,  canals,  roads, 
lakes,  water  margins,  beach  marks,  seas,  or  imaginary  boundary  lines. 
In  })lotting  from  the  entries  of  measurements  for  detail,  these  measure- 
ments should  be  laid  down  upon  the  paper  in  the  order  and  manner 
indicated  in  tlie  field-book.  The  mode  of  plotting  the  perpendicular 
reference  lines  by  means  of  which  the  position  of  the  detail  is  fixed 
has  already  been  fully  described  and  illustrated.  The  proper  connec- 
tions for  detail,  as  shown  by  the  field-book,  should  be  made  by  drawing 
a  firm  pencil  line  through  the  detail  points  with  the  aid  of  an  offset 
scale  adjusted  successively  to  the  adjacent  points.  All  such  connections 
should  be  clearly  and  elegantly  made.  When  all  boundaries,  roads, 
and  streams  have  been  drawn  and  inked  in,  tracings  should  be  taken 
in  small  portions  of  all  that  has  been  laid  down  for  the  use  of  the 
"examiner."  The  duties  of  the  examiner  are  to  make  on  the  ground 
the  necessary  corrections  for  omissions  and  detail  in  error ;  to  give,  in 
position  and  character,  woods,  water,  marsh,  commons,  vegetable  and 
geological  features,  and  permanent  artificial  structures  ;  and  to  furnish 
the  descriptive  names  of  places  and  things,  or  any  other  desirable 
information.  The  topographical  character  of  mountains,  marshes, 
bogs,  rough  pasture,  woods  and  water,  should  be  drawn  in  character 
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on  trace  and  tinted.  If  required,  liill  sketcliinp^  slionld  also  \)C  supplied 
on  the  examiner's  trace.  On  Leing  returned  to  the  office,  the  ]»lotter 
should  replot  from  the  field  notes  the  detail  corrected,  and  transfer  the 
details  from  tlie  trace  to  the  map. 

To  Plot  Contours. — The  student  who  has  made  himself  familiar 
with  the  methods  of  laying  down  angles,  and  plotting  reference  lines 
and  points,  will  find  no  difficulty  in  laying  down  contour  traces. 
When  the  contour  points  have  been  surveyed  with  the  chain,  the 
contour  is  obtained  by  drawing  a  free  line  of  feature  through  the 
plotted  points.  But  when  the  contour  points  have  been  surveyed 
by  measuring  magnetic  angles  to  known  points,  such  angles  must 
be  laid  down  at  these  points,  and  produced  to  meet  in  the  contour 
point.  The  drawing  of  contours  differs  from  the  drawing  of  ordinary 
detail  insomuch  as  each  contour  point  is  shown  by  a  small  dot,  and 
each  carrying  point  by  a  similar  dot  surrounded  by  a  small  hand- 
drawn  circle  to  distinguish  it.  The  former  should  be  so  plotted  as  to 
be  distinguishable  in  the  trace  or  contour  line,  which  should  be  readily 
traceable,  but  not  conspicuous.  The  line  joining  adjacent  points  should 
be  true  lines  of  feature.  Colour  is  usually  employed  for  these  lines, 
and  it  is  well  to  give  them  a  broken  or  somewhat  undefined  character. 
AVhen  the  French  system  is  adopted,  contour  lines  are  drawn  con- 
tinuous, a  broad  but  foint  line  of  colour. 

To  Flat  Sounded  Points  in  Submerged  Districts. — When  the  angles 
have  been  measured  on  dry  land  with  the  theodolite,  these  angles  should 
be  laid  down  at  the  dry-land  points,  and  the  lines  produced  to  meet  in 
the  sounded  point.  But  when  the  angles  have  been  measured  on  the 
water  with  a  sextant,  a  station  pointer  is  required.  The  arcs  of 
the  pointer  should  be  adjusted  to  read  the  measured  angles,  and  the 
instrument  applied  to  the  plotted  points  of  the  observed  objects  so  as 
to  bring  the  hair  lines  accurately  to  their  respective  object  points. 
The  sounded  point  may  then  be  correctly  plotted  through  the  centre 
of  the  pointer.  If  the  angles  have  been  measured  by  the  magnetic 
compass,  that  is^  if  the  angles  are  those  made  with  the  magnetic  meri- 
di;in,  tlie  angles   should  be   laid   down  at  the  plotted  points  of  the 
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observed  land  objects,  and  ilie  lines  produced  to  meet  in  tlic  sMiiinl  il 
point.  Instead  oF  the  station  pointer,  a  j)iece  of  liaciiiL!,'  paper  niay 
be  used  in  the  following  manner.  Draw  three  straight  lines  radiating 
from  one  point  so  as  to  make  witli  each  other  angles  e({ual  to  the  mea- 
sured angles.  Lay  the  paper  on  llic  phiii  and  iiio\c  it  ahmil  till  lli(3 
three  lines  traverse  the  observed  objects.  The  })oint  from  whicli  they 
diverge  will  then  mark  the  position  of  the  soumlcd  j)oint,  which  may 
be  plotted  by  being  pricked  off. 

The  sounded  point  determined  by  angles  measured  with  tin,' 
sextant  may  also  be  plotted  by  describing  circles  on  tlie  land-object 
lines  as  chords,  to  contain  segmental  angles  equal  to  the  measured 
angles.  Such  circles  will  intersect  in  tlie  common  land-object  point 
and  the  sounded  point.  To  plot  the  sounded  point  in  this  manner, 
requires  the  solution  by  construction  of  the  problem,  "  to  describe  on 
a  given  line  a  segment  of  a  circle  that  shall  contain  a  given  angle." 
But  this  method  is  genei'ally  found  too  tedious  in  practice. 

Errors  and  Error-.^heets. — There  is  a  tendency,  as  we  have  pre- 
viously remarked,  for  the  measured  lengths  of  lines  to  be  a  little  too 
long,  by  reason  of  tlie  irregularities  of  the  surface.  It  is  nsual  to  allow 
for  this  source  of  error  1  in  1000  in  fair  open  country,  and  1-;  in  1  ()()() 
in  close  country.  When  the  measurements  difler  by  an  amount 
exceeding  these  limits,  the  pencil  trace  should  not  be  drawn  between 
the  reference  points,  but  the  line  should  be  entered  on  an  "  oflice  error- 
sheet."  The  error-sheet  should  show  the  number  of  the  plot-sheet,  the 
triangle,  the  book  and  pnge  in  which  the  measurements  are  entered, 
and  the  scale  and  measured  lengths  of  the  line.  To  ascertain  the 
source  of  the  error,  other  lines  referenced  to  the  reference  jioint  or 
points  of  the  line  in  error  should  be  plotted,  and  the  apparent  source 
sliould  be  entered  on  the  error-sheet.  If  the  lines  referred  to  the  same 
point  be  found  to  plot  to  another  point  in  the  reference  line,  the  scale 
measurement  of  this  point  should  also  be  entered.  And  if  the  reference 
point  in  error  be  not  directly  surveyed  in  the  survey  of  their  respective 
lines,  the  measurements  for  reference  and  the  arithmetical  reductions 
will  have  to  be  examined.      Besides  the  oflice  error-sheel,  tliere  sliould 
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be  a  field  error-sheet  for  eacli  book  and  triaugle,  upon  which  should  be 
entered  the  book,  the  page,  and  the  line  in  error,  and  some  indication 
of  the  source  of  the  error.  This  sheet  will  be  forwarded  with  the 
field-book  to  the  surveyor  for  correction.  The  following  are  examples 
of  a  common  and  very  good  form  of  error-sheet,  but  it  may  be  varied 
in  many  ways  if  thought  desirable  : — 


Flotter^s  Name  - 


Office  Error-sheet. 


Date- 


Book. 

Scale 

Reference  Points 

Apparent 
Corrections. 

Triangles. 

Observations. 

Page. 

Lines.        Measurement.  |              of  Lines. 

200 

1053 
3000 

13U 

1907 

305G 
1S23 

1118 

1551 

l(;5i 

B 

Examine  reference 
point  and  line. 

Examine  line 

23 

200 

2094 
2814 

4020 
1308 

4020 
305G 
1651 

28 
200 

4020 
1551 

3082 
85 

Examine  reference 
point  and  line. 

42 

4020 

3028 

4020 

Field  Eekor-sheet. 


To  A. 

B.,  Survtyo)'. 

Bate 

Book. 

Lines.      |                  Trinisiles. 

Observations. 

Page. 

200 

1953 
3000 
1314 

A 
~      ^B 

Examine  reference  j^oints  and  line. 
1651 

Picference  point  (August  10th,  1874). 

4020 

Examine  line.     Line  3056  (August  lOtli,  1874). 

Examiiie  reference  2Joints  and  line. 
I(i51 

(August  12tli,  1874). 

40'J0 

Corrected  in  the  field,  A.  V>. 

23 
200 

28 
200 

42 

To  Plot  Vertical  Sections. — In  plotting  a  vertical  section,  a  fine  and 
firm  horizontal  line  is  first  drawn  to  represent  the  datum  line.  The 
reference  points  are  then  plotted  upon  this  line  from  the  level-book  by 
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means  of  a  linear  scale,  in  the  manner  already  described  for  plotting 
such  points.  The  reference  points  to  be  plotted  npon  the  datum  line 
are  the  cliain  lengths  enteied  in  the  field-book  in  the  column  headed 
Distances.  These  distances  are  the  points  at  which  the  levels  were 
taken,  and  between  them,  unless  otherwise  stated  in  the  field-book, 
the  ground  is  supposed  to  slope  uniformly.  Moreover,  these  distances 
are  assumed  to  be  measured  horizontally,  and  therefore  care  must  be 
taken  to  ascertain  whether  or  not  they  were  so  measured  in  the  field  ; 
if  not,  they  must  be  reduced  before  plotting,  or  the  section  will  be  too 
long.  Having  plotted  the  reference  points  on  the  datum  line,  a  per- 
pendicular must  be  erected  from  each  of  them,  and  a  length  laid  off 
upon  this  perpendicular  equal  to  the  vertical  height  above  the  datum 
line  indicated  by  the  entry  in  the  cohnnn  of  the  level-book  headed 
Reduced  Levels  against  the  distance  to  which  the  perpendicular  corre- 
sponds. To  render  the  differences  of  altitude  more  apparent,  these 
vertical  distances  are  plotted  to  a  much  larger  scale  than  the  hori- 
zontal, as  explained  in  a  preceding  Section.      To  erect  the  perpeu- 
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diculars,   the  T  and  set  square  furnish  the  most  convenient  means. 
The  detail  points  thus  determined  upon  the  perpendiculars  represent 
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the  points  in  the  surface  of  the  ground  at  wliicli  tlie  levels  were  taken, 
and  by  joining  these  points  we  obtain  the  surface  line.  An  example 
will  clearly  show  the  method  pursued.  Let  it  be  required  to  lay  down 
the  section  from  the  following  level-book  :  — 


Back  Sights. 

Fore  Sights. 

Riso. 

Fall. 

Itniucod 
Levels. 

Distances.                      Kcmarks. 

feet. 

feet. 

feet. 

feet. 

feet. 

100-00 

chains. 

jB.M.  north-west  corner 
(      of  church  tower. 

16-41 

9-37 

7-04 

., 

107-04 

230 

l'J-3G 

10-43 

8-93 

115-97 

465 

l(i-42 

19-36 

2-94 

113-03 

640 

8-36 

14-36 

6-00 

107-03 

794 

9-37 

12-49 

3-12 

103-91 

1030 

11-64 

19-76 

, , 

8-12 

95-79 

1200 

19-46 

9-32 

10-14 

105-93 

1564 

17-64 

13-62 

4-02 

109-95 

.. 

fCentrc  of  road  iit  123 
\     links. 

18-76 

12-64 

6-12    • 

.. 

116-07 

1823 

19-84 

16-92 

2-92 

.. 

118-99 

1964 

19-76 

11-64 

8-12 

.. 

127-11 

2100 

f Forward  station  ©  at 
\     corner  of  wood. 

17-64 

19-72 

,, 

2-08 

125-03 

2250 

9-73 

18-64 

,, 

8-91 

116-12 

2376 

8-64 

17-64 

9-00 

107-12 

2590 

9 

18-76 

16-24 

2-52 

109-64 

2700 

231-79 

222-15 

49-81 

40-17 

222-15 

40-17 

100-00 

rDifferenc 

e   between   datum   and 

9 -64 

9-64 

9-64 

]     last  reduced  level,  or  heiglit  of 
{     B  above  A. 

Draw  the  datum  line  D  L,  Fig  8G,  and  set  off  along  it  the  dis- 
tances 230,  465,  G40,  794,  &c.,  links;  these  points  will  be  the  reference 
points  for  the  perpendiculars.  Erect  a  perpendicular  from  each  of  these 
points,  and  lay  off,  to  a  suitable  scale,  upon  these  lines  successively  the 
vertical  heights  100, 107-04, 115-97, 113-03,  107-03,  &c.  Tlie  points 
thus  determined  will  be  the  surface  detail  points,  and  by  joining  these 
we  shall  obtain  the  surface  line.  Then  will  A  D  L  B  represent  a  section 
of  the  ground  between  A  and  B.  A  description  of  objects  on  the  sur- 
face worthy  of  notice  should  be  written  over  such  objects. 

In  working  sections,  where  great  accuracy  is  required,  larger 
scales  are  employed,  and  the   lc\els  are  taken  at  more  frequent  in- 
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tervals.  Tlins,  in  a  lailway  working  section,  for  example,  tlie  levels 
are  taken  at  every  chain's  lenf^-th,  and  also  over  every  little  undulation 
in  the  surface  of  the  g-ronnd.  In  preparing*  such  sections,  vertical 
lines  arc  drawn  in  l»hio  at  every  cliain's  length  up  to  the  surface  of 
the  ground  from  tlic  datum  line,  and  on  each  vertical  is  written  the 
reduced  height  above  dalum  from  ilic  fohinin  of  reduced  levels  in 
ihe  level-book. 

Sections,  especially  working  sections,  are  usually  drawn  upon 
ruled,  or,  as  it  is  called,  "  section  "  paper,  the  nature  of  which  we  have 
already  described.  This  method,  which  was  introduced  by  Mr.  Brunei, 
possesses  many  practical  advantages,  inasmuch  as  it  obviates  the 
necessity  of  plotting  the  "  distances  "  and  erecting  perpendiculars,  the 
latter  already  existing.  It  also  greatly  facilitates  the  computation  of 
the  contents  of  a  given  section.  Its  chief  defect  lies  in  the  difficulty 
of  making  the  horizontal  lines  coincide  when  joining  the  sheets  end  to 
end.     Of  course  scales  are  not  required  upon  section  paper. 

To  lay  doivn  Gradients. — The  method  of  laying  down  the  gra- 
dients of  railways  and  roads  usually  adopted  in  practice  consists  in 
applying  one  end  of  an  extended  silken  thread  to  the  section  at  the 
point  in  which  the  road  commences,  and  the  other  end  in  such  a 
position  that  the  thread  may  cut  the  profile  of  the  earth's  surface  so 
as  to  leave  equal  portions  of  space  above  and  below  the  thread,  as 
nearly  as  can  be  judged  l)y  the  eye.  The  cuttings  from  the  parts 
above  the  thread  will  then  furnish  sufficient  materials  to  form  the 
embankments  in  the  spaces  below.  This  is  called  "  balancing " 
the  cuttings  and  embankments.  AVlicn  the  first  gradient  has  been 
determined  in  this  way,  it  may  be  found  unfavourable  to  the  second 
in  respect  to  the  extent  of  cuttings  and  embankments;  in  such  a  case 
it  must  ]je  modified  to  suit  the  requirements  of  the  latter.  In  this  way 
the  gradients  must  be  modified  successively  until  the  compound  result 
evidently  gives  a  minimum  of  cuttings  and  embankments,  due  regard, 
of  course,  being  had  to  the  limits  imposed  by  the  nature  of  the  case, 
both  with  respect  to  the  ruling  gradient  and  the  proper  heights  for 
bridges. 
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To  Plot  a  Section  from  a  Contour  Map. — The  mode  of  plotting  a 
section  from  a  contoured  plan  was  explained  when  treating  of  contour 
lines.  Tlie  contour  map  used  for  this  purjDOse  should  give  the  features 
of  the  surface  configuration  in  sufficient  detail  without  serious  error. 
Having  drawn  a  line  of  section  on  the  map  and  a  datum  line  upon  the 
fair  paper  for  the  vertical  section,  the  points  in  wliich  the  section  line 
intersects  the  contours  should  he  measured  on  the  scale  of  the  map 
from  a  zero  point  in  that  line,  and  the  measurements  plotted  upon  the 
datum  line.  Perpendiculars  should  then  be  drawn  through  these 
plotted  points,  and  on  these  perpendiculars  the  reduced  altitudes  of 
their  respective  contour  points  should  he  plotted.  A  line  draw^n 
through  these  surface  plotted  points  will  be  the  surface  line.  "When 
the  horizontal  scales  of  the  map  and  the  section  are  the  same,  the 
contour  plane  lines  may  be  drawn  on  the  paper  for  the  section  parallel 
to  the  section  line  on  the  map,  and  jDcrpendiculars  raised  to  intersect 
them  from  the  points  on  the  map  in  which  the  section  line  intersects 
the  contours,  in  the  manner  previously  described.  The  points  of 
intersection  with  the  parallel  lines  will  be  the  surface  contour  j^oints 
in  the  vertical  section.  For  practical  purposes,  the  parallel  lines  and 
the  perpendiculars  are  only  temporarily  drawn  in  pencil  until  the 
surface  trace  shall  have  been  obtained  and  drawn  in  ink,  wdth  the 
datum  line. 


Section  IY. — Civil  Engineers'  and  Surveyors'  Plans. 

In  the  preceding  Sections  the  manner  of  laying  down  plans  has 
been  fully  described  and  the  principles  involved  in  the  operations 
minutely  explained.  It  now  only  remains,  therefore,  to  direct  atten- 
tion to  certain  matters  relating  to  the  preparation  of  plans,  which  are 
necessitated  by  the  circumstances  of  particular  cases. 

Civil  engineers'  plans  usually  consist,  if  we  except  harbour 
surveys,  of  a  representation,  to  a  rather  large   scale,  of  long  and 
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narrow  tracts  of  country  tliroiig'li  wliicli  it  is  proposed  to  construct  a 
means  of  commiujictition,  siicli  as  a  railway,  a  road,  or  a  canal.  Tiiey 
do  not  differ  essentially  from  other  plans,  the  survey  being  taken  in 
the  ordinary  way,  and  (lie  i»Iaii  laid  down  according  to  one  or  other 
of  the  methods  described  in  tlie  })receding  Section.  The  width  of 
railway  surveys  varies  from  five  to  twenty  chains,  at  the  option  of  the 
engineer.  An  important  matter  demanding  careful  attention  is  to 
survey,  plot,  and  number  all  lields  and  other  enclosures,  houses  and 
other  buildings  situate  within  the  limits  of  deviation,  that  is,  the 
boundaries  of  the  space  beyond  wlilch  it  is  not  proposed  to  deviate  the 
line  of  railway.  The  object  of  numbering  every  separate  enclosure, 
road,  building,  or  other  object  on  the  plan,  is  tliat  they  may  lie  the 
more  readily  described  in  a  book  prepared  for  that  purpose  and  called 
the  Reference  Book.  Pari«li  and  county  boundaries  are  shown  by 
dotted  lines,  as  explained  in  a  former  Section.  Frequently  it  is 
necessary,  in  consequence  of  the  smallness  of  the  scale  adopted  for  the 
plan,  to  give  enlarged  drawings  of  certain  portions.  In  these  cases, 
whenever  practicable,  the  enlarged  plan  should  be  placed  directly 
under  or  over  the  small  plan  to  which  it  refers,  as  such  an  arrange- 
ment is  not  only  more  pleasing  to  the  eye,  but  is  far  more  convenient 
for  reference  than  one  in  which  there  is  no  relation  of  position  between 
the  two  plans.  The  proposed  railway  should  be  represented  by  a  full 
and  heavy  line,  and  the  limits  of  deviation  shown  by  strong  dotted 
lines.  The  names  of  the  dilTerent  parishes  through  which  the  line  passes 
should  be  conspicuously  written,  and  the  name  of  the  county  placed 
at  the  top  of  each  sheet ;  the  sheets  also  should  be  distinctly  numbered. 
It  is  not  usual  to  distinguish  different  kinds  of  fences  on  plans  of  engi- 
neering projects,  as  on  estate  plans  to  a  large  scale;  on  the  former  it 
is  sufficient  to  distinguish  between  fenced  and  unfenced  lines  of  division 
of  land,  marking  the  former  by  plain,  and  the  latter  by  dotted  lines. 
It  is  almost  needless  to  remark  that  a  scale  of  distances  should  accom- 
pany every  plan. 

The  section  should  l)e  drawn  to  the  same  horizontal  scale  as  the 
plan,  and  the  exaggei'ation  of  the  vertical  scale  should  be  such  as  to 

o 


98  PLAN    AXD    MAP    DRAWING. 

show  distinctly  tlie  irregularities  of  the  surface.  The  horizontal 
datum  line  of  the  section  should  have  marked  on  it  a  scale  of  distances 
corresponding  with  those  marked  along  the  centre  line  of  the  plan, 
in  order  that  corresponding  points  on  tlie  plan  and  the  section  may  he 
readily  found,  and  great  care  should  he  taken  that  horizontal  distances 
on  the  plan  and  on  the  section  exactly  agree.  Cross  sections  are  longi- 
tudinal sections  of  existing  lines  of  communication  which  the  proposed 
work  will  cross ;  they  may  cross  the  centre  line  of  the  proposed  work 
either  at  right  angles  or  obliquely.  Cross  sections  may  also  he  required 
where  the  ground  slopes  sideways ;  in  general  they  should  be  ranged 
accurately  at  right  angles  to  the  centre  line,  and  they  shoidd  be 
plotted  without  exaggeration,  that  is_,  their  vertical  and  horizontal 
scales  should  be  the  same  as  the  vertical  scale  of  the  longitudinal 
section.  All  cross  sections  should  be  plotted  as  seen  by  looking 
forward  towards  them  along  the  centre  line. 

To  distinguish  the  nature  of  the  soils  passed  through,  sections  are 
frequently  coloured,  as  shown  in  Plate  21.  The  information  given 
by  this  means  concerning  the  character  of  the  strata  is  of  very  great 
value  to  the  engineer  or  to  the  contractor,  inasmuch  as  it  enables  them 
to  predicate  with  some  degree  of  certainty  the  amount  of  labour  that 
will  be  required  in  executing  the  proposed  work.  It  is,  therefore, 
highly  imjDortant  that  the  draughtsman  correctly  represent  the  cha- 
racter of  the  strata.  The  conventional  modes  of  representing  these 
features  are  shown  on  Plate  20,  which  should  be  carefully  studied  and 
copied. 

It  is  necessary  that  the  engineering  drauglitsman  should  be 
acquainted  with  the  "  Standing  Orders  "  of  Parliament  relating  to 
the  preparation  of  plans  and  sections,  in  order  that  he  may  fulfil  the 
conditions  therein  laid  down.  And  as  most  of  the  important  details 
involved  by  the  exigencies  of  practice  in  the  j^reparation  of  such  plans 
and  sections  are  prescribed  by  these  Standing  Orders,  we  will  give 
so  much  of  them  as  relates  directly  to  the  matters  under  consideration  ; 
by  so  doing,  the  details  will  be  clearly  and -fully  described,  and  the 
requirements  of  the  law  concerning  them  authoritatively  made  known. 
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Nature  of  the  Documents  required. — "  In  cases  of  bills  relating  to 
engineering-  works,  a  plan  and  also  a  duplicate  tlicreof,  together  with 
a  book  of  reference  thereto,  and  a  section  and  also  a  duplicate  thereof, 
as  hereinafter  described,  shall  be  deposited  for  ptiMic  inspecti<jn  at 
the  office  of  the  clerk  of  the  peace  for  every  county,  riding  or  division 
in  England  or  Ireland,  or  in  the  oflice  of  the  j^rincipal  sheriff  clerk  of 
every  county  in  Scotland,  and  where  any  county  in  Scotland  is  divided 
into  districts  or  divisions,  then  also  in  the  office  of  the  principal  sheriil' 
clerk  in  or  for  each  district  or  division  in  or  through  which  the  work 
is  proposed  to  be  made,  maintained,  varied,  extended  or  enlai-ged,  or 
in  which  such  lands  or  houses  are  situate,  on  or  before  the  30th  day 
of  November  immediately  preceding  the  application  for  the  bill." 

"  In  the  case  of  railway  bills,  the  ordnance  map,  on  the  scale  of 
one  inch  to  a  mile,  or  where  there  is  no  ordnance  map,  a  pul)lished 
map,  to  a  scale  of  not  less  than  half  an  inch  to  a  mile,  or  in  Ireland,  to 
a  scale  of  not  less  than  a  cjuarter  of  an  incli  to  a  mile,  with  the  line 
of  railway  delineated  thereon,  so  as  to  show  its  general  course  and 
direction,  shall,  on  or  before  the  30th  day  of  November,  be  deposited 
at  the  office  of  the  clerk  of  the  peace,  or  shcrift'  clerk,  together  with 
the  plans,  sections,  and  book  of  reference." 

"  In  cases  where  the  work  shall  be  situate  on  tidal  lands  within 
the  ordinary  spring  tides,  a  copy  of  the  plans  and  sections  shall, 
on  or  before  the  30th  day  of  November,  be  deposited  at  the  oflice  of 
the  Harbour  Department,  Ijoard  of  Trade,  marked  '  Tidal  Waters,' 
and  on  such  copy  all  tidal  waters  shall  be  coloured  blue,  and  if  the 
plans  include  any  bridge  across  tidal  waters  the  dimensions  as  regards 
span  and  headway  of  the  nearest  bridge,  if  any,  above  and  below  the 
proposed  new  bridge,  shall  be  marked  thereon,  and  in  all  sueh  cases 
such  [)]ans  and  sections  shall  be  accompanied  by  a  published  map  or 
ordnance  sheet  of  the  country,  over  which  the  works  are  proposed  to 
extend,  or  arc  to  be  carried,  with  their  position  and  extent,  or  route 
accurately  laid  down  thereon." 

"In  the  case  of  railway  bills,  a  copy  of  all  plans,  sections,  and 
books  of  reference,  and  the  aforementioned  published  map  with  the  line- 
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of  railway  delineated  thereon  so  as  to  show  its  general  course  and 
direction,  is  required  to  be  deposited  at  the  office  of  the  Board  of 
Trade,  and  at  the  Private  Bill  OtKice  of  the  Houses  of  Parliament ;  and 
in  cases  where  any  portion  of  the  work  is  situate  within  the  limits  of 
the  Metropolis,  a  copy  of  so  much  of  the  plans  and  sections  as  relates 
to  such  portion  of  the  work  is  required  to  he  deposited  at  the  office  of 
the  Metroj^olitan  Board  of  Works.  Also  a  co-py  of  so  much  of  the 
plans  and  sections  as  relates  to  each  parish  in  or  through  which  the 
work  is  intended  to  be  made,  or  in  which  any  lands  or  houses  intended 
to  be  taken  are  situate,  together  with  a  copy  of  so  much  of  the  book 
of  reference  as  relates  to  such  parish,  is  required  to  be  deposited  with 
the  parish  clerk  of  each  such  parish  in  England,  with  the  school- 
master of  each  such  parish  in  Scotland.,  and  with  the  clerk  of  the  union 
within  which  such  parish  is  included  in  Ireland^ 

Plans. — "  Every  plan  required  to  be  deposited  shall  be  drawn  to  a 
scale  of  not  less  than  four  inches  to  a  mile,  and  sliall  describe  the  line 
or  situation  of  the  whole  of  the  work  (no  alternative  line  or  work  being 
in  any  case  permitted),  and  the  lands  in  or  through  which  it  is  to  be 
made,  maintained,  varied,  extended  or  enlarged,  or  through  which 
every  communication  to  or  from  the  work  shall  be  made ;  and  where  it 
is  the  intention  of  the  parties  to  apply  for  powers  to  make  any  lateral 
deviation  from  the  line  of  the  proposed  work,  the  limits  of  such 
deviation  shall  be  defined  upon  the  plan,  and  all  lands  included  within 
sucli  limits  shall  be  marked  thereon  ;  and  unless  the  whole  of  such  plan 
shall  be  upon  a  scale  of  not  less  than  a  quarter  of  an  inch  to  every 
o]ie  hundred  feet,  an  enlarged  jDlan  shall  be  added  of  any  buildings, 
yard,  courtyard  or  land  within  the  curtilage  of  any  building,  or  of 
any  ground  cultivated  as  a  garden,  either  in  tlie  line  of  the  proposed 
work  or  included  witliin  the  limits  of  the  said  deviation,  upon  a  scale 
of  not  less  than  a  quarter  of  an  inch  to  every  one  hundred  feet." 

"  In  all  cases  where  it  is  proposed  to  make,  vary,  extend  or  enlarge 
any  cut,  canal,  reservoir,  aqueduct  or  navigation,  the  plan  shall 
describe  the  brooks  and  streams  to  be  directly  diverted  into  such 
intended  cut,  canal,  reservoii",  aqueduct  or   navigation,  or  into  any 
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viiriation,  extension  or  enlnrgcmcnt  thereof  respectively,  for  supplying 
the  same  with  water." 

"  In  all  cases  where  it  is  proposed  to  make,  vary,  extend  or  enlarge 
any  railway,  the  plan  shall  exhibit  thereon  the  distances  in  miles  and 
furlongs  from  one  of  the  termini  ;  and  a  memorandum  of  the  radius  of 
every  curve  not  exceeding  one  mile  in  length  shall  he  noted  on  the 
plan  in  furlongs  and  chains;  and  where  tunnelling  as  a  substitute  t"or 
02)en  cutting  is  intended,  such  tunnelling  shall  be  marked  Ly  a  dotted 
line  on  the  plan." 

^^  li'  it  is  intended  to  divert,  widen  or  narrow  any  turnpike  road, 
public  carriage  road,  navigable  river,  canal  or  railway,  the  course  of 
such  diversion,  and  the  extent  of  such  widening  or  narrowing  shall  be 
marked  upon  the  plan." 

"  When  a  railway  is  intended  to  form  a  junction  with  an  existing 
or  authorized  line  of  railway,  the  course  of  such  existing  or  authorized 
line  of  railway  shall  he  shown  on  the  deposited  plan  for  a  distance  of 
eight  hundred  yards  on  either  side  of  the  proj^osed  junction,  on  a  scale 
of  not  less  than  four  inches  to  a  mile." 

Book  of  Reference. — "  The  book  of  reference  to  every  such  plan 
shall  contain  the  names  of  the  owners  or  reputed  owners,  lessees  or 
reputed  lessees,  and  occupiers  of  all  lands  and  houses  in  the  line  of  the 
proposed  work,  or  within  the  limits  of  deviation  as  defined  upon  the 
}ilan,  and  shall  describe  such  lands  and  houses  respectively." 

Sections. — "  The  section  shall  be  drawn  to  the  same  horizontal 
scale  as  the  plan,  and  to  a  vertical  scale  of  not  less  than  one  inch  to 
every  one  hundred  feet,  and  shall  show  the  surface  of  the  ground  marked 
on  the  plan,  the  intended  level  of  the  proposed  work,  the  height  of  every 
embankment  and  the  depth  of  every  cutting,  and  a  datum  horizontal 
line,  which  shall  l)e  the  same  throughout  the  whole  length  of  the  work, 
or  any  branch  thereof  respectively,  and  shall  be  referred  to  some  fixed 
point  (stated  in  writing  on  the  section),  near  some  portion  of  such 
work,  and  in  the  case  of  a  canal,  cut,  navigation,  turnpike  or  other 
carriage  road  or  railway,  near  either  of  the  termini." 

"  In  cases  of  bills  for  improving  the  navigation  of  any  river, 
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there  shall  be  a  section  which  sluiU  specify  the  levels  of  both  banks 
of  such  river ;  and  where  any  alteration  is  intended  to  be  made 
therein,  it  shall  describe  the  same  by  feet  and  inches,  or  decimal  parts 
of  a  foot." 

"  In  every  section  of  a  railway,  the  line  of  the  railway  marked 
thereon  shall  correspond  with  the  upper  surface  of  the  rails." 

"  Distances  on  the  datum  line  shall  he  marked  in  miles  and 
furlongs,  to  correspond  with  those  on  the  plan ;  a  vertical  measure 
from  the  datum  line  to  the  line  of  the  railway  shall  be  marked  in  feet 
and  inches,  or  decimal  parts  of  a  foot,  at  eacli  change  of  the  gradient 
or  inclination ;  and  the  proportion  or  rate  of  inclination  between  each 
such  change  shall  also  be  marked." 

"  Wlierever  the  line  of  the  railway  is  intended  to  cross  any 
turnpike  road,  public  carriage  road,  navigable  river,  canal  or  railway, 
the  height  of  the  railway  over  or  depth  under  the  surface  thereof, 
and  the  lieight  and  span  of  every  arch  of  all  bridges  and  viaducts  by 
which  tlie  railway  will  be  carried  over  the  same,  shall  be  marked  in 
figures  at  every  crossing  thereof;  and  where  the  roadway  will  be 
carried  across  any  such  turnpike  road,  public  carriage  road  or  rail- 
way, on  the  level  thereof,  such  crossing  shall  be  so  described  on  the 
section  ;  and  it  shall  also  be  stated  if  such  level  will  be  unaltered." 

"  If  any  alterations  be  intended  in  the  water  level  of  any  canal, 
or  in  the  level  or  rate  of  inclination  of  any  turnpike  road,  jjublic 
carriage  road  or  railway,  which  will  be  crossed  by  tlie  line  of 
railw^ay,  then  the  same  shall  be  stated  on  the  said  section,  and  each 
alteration  shall  be  numbered ;  and  cross  sections  in  reference  to  the 
said  numbers,  on  a  liorizontal  scale  of  not  less  tluui  one  inch  to  every 
three  hundred  and  thirty  feet,  and  on  a  vertical  scale  of  not  less  than 
one  inch  to  every  forty  feet,  shall  be  added,  which  shall  show  the 
present  surface  of  such  canal,  road  or  railway,  and  the  intended  surface 
thereof  when  altered ;  and  the  greatest  of  the  present  and  intended 
rates  of  inclination  of  such  road  or  railway  shall  also  be  marked  in 
figures  thereon ;  and  where  any  public  carriage  road  is  crossed  on  the 
level,  a  cross  section  of  such  road  sliall  also  be  added;  and  all   sucli 
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cross  sections  sliall  extend  lor  two  Inindied  yards  on  cacli  side  of  the 
centre  line  of  tlie  railway." 

"  Wherever  tlie  extreme  height  of  any  enil»:inkiiient,  or  the 
extreme  depth  of  any  cutting-,  shall  exceed  five  ihiit,  the  extreme  height 
over  or  depth  under  the  surface  of  the  ground  shall  he  marked  in 
figures  upon  the  section ;  and  if  any  bridge  or  viaduct  of  more  than 
thiee  arches  shall  intervene  in  any  endjankment,  or  if  any  tunnel 
shall  intervene  in  any  cutting,  the  extreme  height  or  depth  shall  he 
inarked  in  ligures  on  each  of  the  parts  into  which  such  embankment 
or  cutting  shall  be  di\itk'd  by  such  bridge,  viaduct  or  tuiniel." 

"  Where  tunnelliiig,  as  a  substitute  for  open  cutting,  or  a  viaduct 
as  a  substitute  for  solid  embankment,  is  intended,  the  same  shall  be 
marked  on  the  section." 

"  When  a  railway  is  intended  to  form  a  junction  with  an  existing 
or  authorized  line  of  railway,  the  gradient  of  such  existing  or  autho- 
rized line  of  railway  shall  be  shown  on  the  deposited  section,  and  in 
connection  therewith,  and  on  the  same  scale  as  the  general  section,  for 
a  distance  of  eight  hundred  yards  on  either  side  of  the  point  of 
junction." 

Besides  the  information  thus  written  on  the  plan,  it  is  useful  to 
the  engineer,  though  not  prescribed,  to  have  the  levels  of  important 
points  either  written  or  shown  by  means  of  contour  lines,  especially 
when  the  plan  is  to  be  used  in  selecting  a  line  of  railway.  The 
results  of  trial  pits  and  borings  may  also  be  written  on  the  j)lan,  and 
the  estimated  cost  of  each  part  of  the  work  ])laced  opposite  to  its 
position  on  the  paper. 

Working  Sections. — For  working  sections  the  horizontal  scale 
adopted  is  usually  three  or  four  chains  to  the  inch,  and  the  vertical 
scale  1)0  or  40  feet  to  the  inch.  A  woiking  section  shc^dd  show  the 
level  of  the  ground,  the  level  of  the  proposed  work,  and  the  height  of 
embankment  or  depth  of  cutting  at  every  point  of  the  ground  where 
the  level  has  been  taken,  these  quantities  being  found  by  calculation, 
not  by  measurement  on  the  paper.  The  position  and  levels  of  all 
"bench  maiks  "  should  also  be  clearly  indicated.      At  every  crosising 
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of  road,  river  or  stream  of  any  kind,  should  be  inserted  some  remark 
respecting  the  work  to  be  constructed,  with  a  reference  to  tlie  number 
of  tlie  working  drawing  prepared.  The  latter  may  be  a  special 
drawing,  as  for  a  lu'idge,  or  a  general  drawing,  as  for  a  level 
crossing  and  gates.  The  results  of  boring  should  also  be  shown  on  the 
working  section.  As  soon  as  the  works  of  construction  have  been 
determined  upon,  notes  should  be  inserted  from  the  working  draw- 
ings, or  other  sources,  of  the  angles  of  skew  at  which  the  line  crosses 
roads  or  streams,  the  spans  of  arches  on  the  s(piare  and  on  tlie  skew, 
the  rise  of  the  arch,  the  depth  of  the  arcli  stones,  and  of  tlie  puddle, 
if  any  be  used,  and,  if  the  works  be  on  an  inclined  plane,  the  rise  or 
fall  from  centre  to  centre  of  the  piers.  Similar  memoranda  should 
also  be  made  of  girder  bridges,  culverts,  and  other  works  occurring 
along  the  line.  To  all  working  drawings  the  acting  engineer  always 
affixes  his  signature. 

Besides  an  acquaintance  with  the  "  Standing  Orders,"  the  en- 
gineering and  surveyor's  draughtsman  should  possess  a  knowledge  of 
the  Regulations  of  the  Local  Grovernment  Board,  for  these  have  to  be 
complied  with  in  the  preparation  of  plans  relative  to  main  sewerage, 
drainage,  and  water-supply.    These  Regulations  are  as  follows. 

Boundary  Maps. — In  cases  in  which  a  special  district  is  proposed 
to  be  formed  for  the  adoption  of  the  Local  Government  Act,  a  map 
must  be  submitted,  accompanied  by  a  written  description  of  the  pro- 
posed boundary,  designated  by  letters  from  point  to  point,  commencing 
from  a  fully  and  clearly  defined  point  on  the  north  side  of  the  map 
marked  by  the  letter  A  and  a  written  description,  then  proceeding 
eastward  by  natural  or  other  well-defined  features,  until  the  description 
closes  upon  the  point  started  from.  The  name  of  the  joroposed  district 
must  be  printed  on  the  map,  with  the  area  in  acres.  The  population 
and  the  number  of  houses,  with  the  rate  of  increase  as  ascertained  at 
the  two  last  decennial  periods  upon  which  the  census  was  taken,  must 
be  given,  and  a  duplicate  or  tracing  of  the  map  furnished. 

Maps  f 07'  Division  into  Wards. — A  map  of  the  entire  district  must, 
in  this  case,  be  submitted,  with  tlie  main  boundary  distinctly  defined. 
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and  the  lianic  of  tlic  district  cleiirly  priiiled  tliurcon.  T\i(i  proposed 
division  into  wards  must  l)e  by  lines,  clearly  defined  on  the  map  of 
the  district;  Inooks,  roads,  inotwalks,  streets,  fences,  or  other  easily 
recognizaLlc  lines  of  division  ni;iy  \)r  adi^pled.  Such  lines  must  he 
defined  on  the  map  by  a  margin  of  colour.  The  proposed  boundary- 
lines  must  be  described  in  the  same  manner  as  in  the  boundary  map, 
and  the  name  or  number  of  the  ward,  with  the  relative  areas,  popula- 
tion, and  rateable  value  must  be  given.  A  duplicate  map  or  a  tracing- 
must  be  deposited  at  the  Local  Government  Act  Oilico  for  futui-e 
reference. 

Plans  of  Pro2X)sed  Works. — It  is  in  all  cases  necessary,  upon 
application  being  made  by  Local  Boards  for  the  Secretary  of  State's 
sanction  to  a  loan  for  the  execution  of  woi'ks,  that  plans,  sections, 
detailed  estimates,  and  specifications  be  submitted  with  the  applica- 
tion, accompanied  with  the  information  relative  to  area,  population, 
number  of  houses,  and  rateable  value  of  the  district  required  for 
boundary  maps.  Tracings  of  such  plans  and  sections,  and  copies  of 
the  estimates  and  specifications  must  be  sent  in  for  filing  at  the  Local 
Government  Act  Office. 

General  Plan. — A  general  plan  exhil)iting  the  area  which  will 
be  affected  by  the  projoosed  works  must  be  laid  down  to  a  scale  of  not 
less  than  two  feet  to  a  mile.  It  should  have  figured  upon  it  the  levels 
of  the  centres  of  all  the  streets  and  roads  at  their  intersections  and 
angles,  and  at  every  change  of  inclination  ;  also,  where  a  district  is 
near  the  sea,  it  should  show  the  high  and  the  low  tide  level  of  the 
sea,  and  where  there  is  a  river,  tlie  summer  and  the  flood-water  levels 
should  be  recorded.  Permanent  bench  marks  having  reference  to  the 
surface  levels  should  be  cut  on  public  buildings,  or  other  permanent 
and  suitable  objects,  throughout  the  district,  and  clearly  marked  on  the 
plan.  Sections  should  accompany  this  plan,  uj^on  which  the  levels  of 
the  cellars  should  be  shown.  Such  a  plan  may  be  used  for  showing 
the  lines  of  ]nain-sewers  and  drains,  lines  of  water-pipes,  and  gas- 
mains.  The  lines  of  main-sewers  and  drains  should  lia\e  tin.'  cross- 
sectional  dimensions  and  the  gradients  distinctly  marked  U}»on  them. 
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The  dimensions  of  water  and  gas  pipes  should  also  be  shown  in  lignres 
or  in  writin<^. 

Detailed  Plan.  —  A  detailed  plan  for  tlie  purposes  of  liouse- 
drainage,  paving,  the  sale  and  purchase  of  j^roperty,  or  other  j^urposes 
of  a  like  character,  must  be  constructed  to  a  scale  of  not  less  than  ten 
feet  to  a  mile.  Upon  this  plan  must  be  exhibited  all  houses  and  other 
buildings,  bench  marks,  the  levels  of  sti'eets  and  roads,  of  cellars,  of 
the  sea  at  high  and  low  tide  level,  and  the  summer  and  the  flood  level 
of  rivers.  Three  feet  by  two  feet  will  be  a  convenient  size  for  the 
sheets  of  this  plan,  and  by  representing  the  marginal  lines  of  the  sheets 
upon  the  general  plan,  and  nnmbering  the  sheets  to  correspond,  the 
general  plan  will  become  a  very  useful  index. 

As  it  may  occasionally  be  desired  to  carry  out  works  piecemeal, 
with  a  view  to  save  the  time  wdiich  would  be  occupied  in  the  prepara- 
tion of  a  complete  plan  from  actual  survey,  it  is  sufficient  in  the  first 
instance  to  furnish  a  general  plan  of  streets  and  roads  only,  with  the 
surfjice  levels  and  those  of  the  deepest  cellars,  and  the  proposed  scheme 
of  works  shown  thereon,  after  which  the  works  can  proceed  in  sections. 
But  with  each  separate  application  for  sanction  to  a  loan,  a  correct 
plan  and  section  or  sections  should  be  submitted,  accompanied  by 
detailed  estimates  and  specifications.  It  must,  how^ever,  be  understood 
that  the  complete  plan  of  the  entire  district  must  be  proceeded  with,  so 
that,  when  the  works  are  finished,  the  Local  Board  and  the  office  of 
the  Local  Government  Act  may  possess  a  proper  record. 

Mining  Plans. — The  plotting  of  mining  surveys  is  performed 
in  the  same  manner  as  tlie  surface  traverse  surveys  already  described. 
Before  proceeding  to  lay  down  the  plan,  it  is  well  to  divide  the  paper 
into  scpiares  of  10  chains  side,  or  10  acres  area,  by  two  sets  of  lines 
crossing  each  other  at  I'ight  angles,  one  of  which  sets  should  represent 
meridians.  This  operation  should  be  performed  with  scrupulous  care; 
and  to  ensure  accuracy,  beam  compasses  should  be  used  to  lay  off  the 
divisions.  The  lines  should  be  fiuely  drawn  in  colour  to  distinguish 
them  from  other  lines  to  be  put  upon  tlie  drawing.  Care  must  be 
taken  to  get  the  plan  fairly  upon  the  paper,  so  that  the  conformation 
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of  tlio  outline  ())•  bouiidai-y  lo  llio  edges  of  tlie  paper  may  liave  a 
pleasing-  eirecl  to  llie  eye;  and  the  direction  of  ilie  meridians  must  be 
determined  according  to  this  condition.  ]>y  having  the  plan  thus 
disidcd  into  squares  of  10  acres  eacli,  tlic  (quantity  of  ground  \v(jila;d 
out  may  be  approximatively  estimated  at  any  time  by  inspection,  and 
tlie  total  quantity  may  be  readily  computed  in  the  same  maniici'. 
Besides  dividing  the  plan  itself  in  this  way,  it  will  be  found  extremely 
useful  to  have  a  sheet  of  tracing  paper,  or  better,  tracing  cloth,  divided 
into  squares  of  31G'228  links  side,  or  1  acre  area,  in  black  lines ;  each 
of  such  squares  being  subdivided  into  4  l)y  lines  in  colour,  to  show 
quarters  of  an  acre.  To  find  the  area  of  any  portion  of  exhausted  or  of 
unworked  ground,  it  is  only  necessary  to  lay  this  divided  sheet  over 
such  portion  and  to  count  the  squares  and  quarters  included  in  it. 

By  reason  of  the  variations  of  the  magnetic  meridian,  the  date  of  a 
survey  should  always  be  written  on  the  plan  ;  and  as  the  plan  of  under- 
ground workings  is  laid  down  piecemeal  as  the  workings  progress, 
often  extending  over  a  period  of  many  years,  care  must  be  taken  to 
reduce  all  bearings  to  the  original  meridian.  Unless  these  matters  are 
strictly  observed,  serious  errors  may  result. 

When  two  or  more  veins  of  mineral  are  being  worked  one  al>ove 
the  other,  and  are  placed  upon  the  same  plan,  they  are  distinguished 
by  means  of  colour.  It  matters  not  what  coloin-s  are  employed  for  the 
several  separate  workings  so  long  as  they  are  distinct  from  each  other. 
Also  the  mode  of  applying  the  colour,  whether  with  the  brusli  or  with 
the  pen,  is  entirely  a  question  of  taste.  It  may,  however,  be  observed 
that  as  raining  plans  are  constantly  being  added  to,  it  is  very  dilllicult 
to  avoid  a  patchy  appearance  when  the  colour  is  laid  on  with  the  brush. 
Plate  33  shows  the  manner  in  which  mining  })lans  are  got  u}>. 

Estate  and  Town  Plans. — Plans  of  estates  and  towns,  includinii-  as 
they  do  only  a  limited  area  and  requiring  great  distinctness  of  detail, 
are  laid  down  to  a  large  scale  ;  for  the  form  and  character  of  the  detail 
are,  on  such  plans,  of  equal  importance  with  its  position.  With  such 
a  scale  as  is  required  in  these  cases,  it  is  j^ossible,  not  only  to  clearly 
distinguish  natural  and  artilicial   features,  liul    to   introduce  means  of 
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producing  pictorial  effect  into  tlieir  representation.  Tlie  nature  of 
tlieso  means  may  be  seen  in  the  examples  of  plans  appended  to  this 
work. 

Tlio  manner  of  showing  the  various  kinds  of  fences  has  been 
already  described.  Trees  are  usually  shown  in  elevation  for  the  sake 
of  artistic  effect ;  but  care  must  be  taken  to  give  them  such  dimensions 
as  will  accord  with  the  scale  of  the  drawing.  Houses  and  other  build- 
ings are  shown  in  plan  of  the  correct  form,  and  washed  for  distinction 
in  light  red  for  dwelling-houses,  dark  grey  for  outhouses,  and  light 
grey  for  public  buildings.  Dark  grey  is  also  used  for  all  wooden  and 
iron  buildings  to  distinguish  them  from  those  constructed  of  the 
ordinary  materials,  brick  and  stone.  But  besides  such  distinctions, 
others  are  needed  to  indicate  the  character  of  natural  features  and 
artificial  constructions.  These  are  obtained  either  by  showing  the 
object  rougldy  in  elevation,  or  by  some  purely  conventional  means. 
Tlie  signs  of  this  character  that  are  likely  to  be  frequently  required 
on  estate  plans  are  shown  on  Plate  15.  The  manner  of  representing 
water,  which  has  been  described  in  a  j)receding  Section,  will  be  found 
illustrated  in  detail  on  Plate  11.  Plates  10  and  14  show  various 
kinds  of  trees ;  in  this  form  they  may  be  introduced  very  effectively 
into  plans  of  estates. 

The  several  stages  which  a  plan  passes  through  in  the  office  are 
shown  on  Plate  2.  If  the  plan  is  to  be  coloured,  the  colouring  must 
be  done  before  the  lettering  is  put  on.  Plate  3  sliows  a  plan 
lightly  coloured,  as  used  by  surveyors,  solicitors,  and  others ;  and 
Plate  17  shows  a  finished  plan  in  colour.  The  methods  of  laying  on 
the  colours  and  the  principles  involved  in  the  operations  have  been 
fully  described  and  explained  in  a  former  Section.  In  Plate  13  is 
given  a  town  plan  showing  a  proposed  street  improvement.  Such  a 
plan  must  be  laid  down  to  a  large  scale,  and  the  details  in  and  near 
the  part  affected  must  be  drawn  in  clearly  and  accurately.  The 
uncoloured  joortion  represents  the  plan  as  pre2)ared  for  lithographing. 
When  pink  colour  is  used  to  show  the  proposed  street,  the  buildings 
should  be  coloured  in  black  by  a  light  wash  of  Indian  ink.     Yellow  or 
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any  otlier  brlg-lit  lint  may  1)0  used  ior  tiio  proposed  street,  tlie  ol)ject 
being  merely  to  distin^'nisli  it  clearly.  Existing-  streets  should  be 
coloured  in  yellow  oclire,  except  when  that  colour  is  used  ior  the 
proposed  street,  in  wlilcli  case  burnt  sienna  niay  be  used. 

The  Plates  relating  to  this  Section  are  Nos.  2,  .'J,  10,  1 1,  1  .'>,  11, 
15,  17,  1!),  20,  21,  and  33. 


Section"  Y. — ^^Iai'  Drawint}. 

1'he  principles  and  practice  of  map  drawing,  being  in  the  main 
identical  with  those  of  ordinary  plan  drawing,  have  been  generally 
explained  and  described  in  the  preceding  Sections.  In  the  present 
Section,  therefore,  we  have  only  to  direct  attention  to  such  details  as 
belong  especially  to  the  former  class  of  topographical  representations. 
These  details  relate  chiefly  to  tlie  selecting  of  objects  and  features  on 
the  surface  of  the  ground  whose  character  entitles  them  to  special 
notice,  and  therefore  to  distinct  delineation ;  to  the  practical  methods 
of  sketching  such  objects  and  features  in  the  field,  and  to  the  means 
and  the  manner  of  reproducing  them  on  the  finished  map.  The  first 
and  the  last  of  these  questions  have  been  treated  by  Mr.  James  in  his 
Handbook  of  Topography,  and  the  second  by  Lieut.  R.  S.  Smith  of 
the  United  States'  Army,  in  so  concise  and  yet  so  complete  a  manner 
that  we  have  not  hesitated  to  avail  ourselves  of  their  labours  rather 
than  attempt  to  offer  any  instructions  of  our  own.  The  following  is, 
therefore,  worthy  of  respectful  attention. 

Single  Stroke  Streams. — In  iidving  in  streams,  begin  at  the  source 
;iiid  draw  down\v;>rds  towards  yourself,  increasing  the  pressure  on  the 
pen  as  you  descend.  The  use  of  the  steel  pen  in  drawing  single  stroke 
streams  is  very  objectionable.  Even  soft  steel  pens  are  apt  to  cut  the 
surface  of  the  paper,  and  in  sharp  bends  it  is  quite  inqDossible  to  ensure 
an  even  width  of  line  with  the  best  yet  made ;  by  re-iidviug,  much 
time  is  lost,  and  frequently  a  rough  jagged  line  is  the  result.  The 
connnon  (piill  pun  linely  pointed  will  wiak  wlII  on  any  sort  of  paper. 
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Double  Line  Streams  and  Rivers. — In  maps  of  a  small  scale  I'rom 
8  to  32  miles  to  the  inch,  it  is  nsnal  to  darken  the  north-western 
])ank,  supposing  the  light  to  fall  from  the  N.W.  corner  of  the  map; 
hut  on  maps  of  a  large  scale  it  is  usual  to  attend  strictly  to  the 
height  of  the  baidvs,  and  the  draughtsman  should  carefully  rej^re- 
sent  the  exact  nature  of  each  hank  on  his  field-sketch  or  plane-tahle 
sheet. 

Colouring  Streams  or  Rivers. — Single  stroke  streams  may  l)e  inked 
in  with  either  a  dark  line  of  Prustsian  blue,  or  a  light  line  in  Indian  ink 
may  first  he  drawn  and  a  streak  of  Prussian  blue  or  cobalt  run  neatly 
along  it.  Cobalt  is  nnich  used  both  in  single  and  double  stroke 
streains — it  is  certainly  the  prettiest  and  most  lasting  blue  we  have, 
and  the  preference  should  be  given  ifc,  as  it  imparts  a  high  finish  to 
MS.  maps. 

In  maps  which  contain  much  hilly  ground,  the  streams  should  be 
drawn  in  with  light  ink  and  a  very  fine  j)en  at  first,  and  be  re-drawn 
with  dark  ink  or  dark  blue  after  the  shading  of  the  hills.  Large  rivers 
on  all  maps  published  in  England  are  now  coloured  with  a  flat-wash 
of  cobalt  or  Prussian  blue.  Some  draughtsmen  prefer  shading  rivers 
according  to  bends,  and  keeping  the  shade  as  falling  from  the  N.W., 
but  this  system  cannot  be  carried  out  on  maps  of  a  large  scale,  where 
the  height  of  the  baidv  is  correctly  represented. 

Islands  and  Sand-hanks,  Sandy  and  Pebbly  Beds  of  Rivers. — Islands 
which  are  only  visible  at  low  water,  on  well-coloured  maps,  are  usually 
first  washed  over  with  a  light  shade  of  burnt  or  raw  sienna,  or  a 
mixture  of  raw  sienna  and  light  red  ;  the  last-mentioned  colour  does 
not  easily  mix  with  water,  and  sliould  not  be  used  if  any  other  can  be 
substituted.  After  the  tint  is  dry,  dot  finely  with  light  Indian  ink  or 
dai'k  burnt  sienna.  Saud-banks  are  coloured  in  the  same  way.  Sandy 
beds  may  be  similarly  treated,  omitting  the  dotting  if  pressed  for  time. 
Pebbly  beds  should  first  be  tinted  with  a  mixture  of  burnt  or  raw 
sienna,  then  dip  into  a  dark  shade  of  burnt  sienna  any  coarse  camel-hair 
brush,  and  splitting  the  brush  l)y  drawing  it  belween  the  forefinger  and 
lliuiiib,  dot  in  tlie  tinted  portions.    Care  must  be  taken  to  avoid  having 


AIMMJCATION'S.  1  1  I 

too  Hindi  roloiir  in  tlic  l>nis1i,  or  tlio  (l()t>;  will  nm  into  oncli  otlicr 
:iiid  iiKikcj  ug'ly  (l:ni])s. 

Another  very  easy  and  successful  nicilioil  ol'  ddllin;^-  in  sand  or 
|M'lili|y  l)eds  is  witli  a  tootli-liin-li.  l-'iisl,  on  Ji'acin_i;'  or  anv  other 
tliin  ]>a])er,  trace  out  exactly  the  hniit  of  tin-  tinted  portion  requiring 
dotting,  cut  out  tliesc  portions  from  tlie  trace  and  place  it  correctly 
ov(>r  the  original,  dip  a  tooth-lnnsli  lightly  into  a  saucer  of  colour 
ot"  the  required  depth  of  tint,  and  li(dding  it  in  the  left  hand  over 
the  uncovered  portions,  with  the  forefinger  of  the  right  hand  or  the 
Made  of  a  pendcnife,  gently  splutter  the  colour  fi'om  the  hrusli  ;  wlien 
it  is  necessary  to  cover  a  large  space  with  d(jls,  this  will  he  found  the 
simplest  and  most  speedy  way  of  doing  it. 

I?oads  and  Pathivays. — The  main  or  truidv  roads  in  any  country 
should  Ijc  very  distinctly  represented  hy  double  and  perfectly  parallel 
ink  lines,  coloured  hetween  the  lines  with  lake  or  carmine.  District 
roads  metalled,  or  those  made  between  chief  towns,  should  ho  shown 
hy  a  single  line  coloured  wnth  lake  or  carmine.  Unmetalled  roads 
and  ]^aths  hy  only  a  single  line  in  burnt  sienna. 

The  same  system  should  be  carried  out  in  roads  in  a  mountainous 
country,  and  the  draughtsman  should  give,  either  on  the  map  or  in  the 
colmnn  of  remarks,  such  information  regarding  roads  as  is  likely  to  be 
useful  to  travellers  or  military  authorities. 

Mountain  Passes. — On  large  scale  maps  these  should  be  distinctly 
marked,  and  the  windings  of  the  road  correctly  shown.  Along  the 
Pass,  write  the  name  in  small  lettering,  and  state  whether  it  is  prac- 
ticable for  horses,  or  fit  only  for  men  on  foot.  On  maps  of  a  small 
scale,  it  will  be  sufficient  to  show  the  pass  by  a  zigzag  line  across  the 
liojlow,  with  a  note  as  above. 

Fords  and  Ferries,  Toll-gates. — Fords  should  be  carefully  noted  ami 
the  name  and  depth  of  water  during  the  rainy  and  dry  seasons  given, 
if  possible.  The  number  of  boats  at  every  ferry  should  be  correctly 
ascertained,  and  noted  on  the  map.  Toll-gates  may  be  sliown  on  roads 
witli  a  light  line  drawn  across  the  road,  and  the  words  "  Toll-gate"  be 
clearly  written  on  the  side  of  tlie  road. 
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Encamping  Grounds,  Mile  Stones,  Wells,  Springs  and  Tanks, 
sliould  be  correctly  shown  aiid  named  on  all  maps. 

Telegraph  Lines  and  Stations  must  be  shown  on  all  maps  drawn 
to  a  scale  of  four  miles  to  an  inch  and  upwards,  by  the  usual  symbol. 
On  maps  of  a  small  scale,  show  by  dots  or  a  thin  line  of  yellow, 
p'ivino'  a  reference  under  the  title.  The  Stations  are  of  the  first 
importance,  and  should  be  represented  by  the  symbol. 

Railways,  Stations,  and  Termini. — Railways  are  represented  by  a 
strong  black  line,  with  or  without  thin  lines  drawn  at  right  angles  to 
the  main  line.  They  should  of  course  be  very  carefully  and  accurately 
laid  down,  as  they  form  the  chief  feature  in  any  country. 

Stations  are  shown  by  well-defined  circles,  and  the  name  given  in 
plain  lettering.  Termini  are  best  shown  by  blocks  representing  the 
size  of  the  buildings  according  to  the  scale  of  the  map. 

Except  on  maps  of  a  very  large  scale,  jungle  should  not  be  shown 
over  hilly  ground.  Representing  such  objects  as  trees,  jungle  or 
brushwood,  over  plains  or  flat  lands,  on  all  ordinary  scale  maps,  is  very 
necessary,  and  the  exact  limits  of  the  jungle  or  waste  should  be  surveyed 
and  correctly  given  by  a  dotted  line,  but  over  hilly  ground  it  w^ould 
be  impossible  to  do  so  without  impairing  the  beauty  and  hiding  the 
features  of  the  hill  drawing.  If  it  is  actually  necessary  to  make  it 
known  that  the  hills  have  jungle  on  them,  let  a  foot-note  to  the  effect 
be  inserted  amongst  the  remarks  or  under  the  title  of  the  map. 
Under  the  head  of  remarks  or  notes,  it  is  always  very  necessary  to 
state  the  kind  of  jungle  which  exists  in  the  surveyed  tracts,  for  the 
information  of  speculators  and  timber  merchants,  and  for  the  guidance 
of  the  lithographer  or  engraver.  Notes  on  maps,  whether  statistical 
or  geographical,  can  never  be  too  full ;  they  are  useful  in  supplying 
at  once  information  which  could  be  obtained  only  from  reading  reports, 
and  frequently  they  render  topographical  details  intelligible  where 
there  might  otherwise  be  doul)t  or  misconception.  They  can  be 
recorded  in  any  spare  corner  or  blank  space  on  the  map. 

Size  of  Cities,  Towns  and  Villages,  a7id  the  different  ways  of  repre- 
senting them. — It  is  of  the  utmost  importance  that  all  maps  of  a  largo 
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scale  slioiiM  sliow  lli(>  size  accurately  of  cities,  towns  and  villages. 
If  the  scale  admits  of  it,  the  several  blocks  or  gi-onps  of  houses  with 
the  roads  between  them  should  be  correctly  drawn. 

Sketching,  Shading,  and  Copying  Hills. — In  sketching  hills,  always 
begin  by  fixing — 1st.  The  drainage;  2nd.  Those  features  which  arc 
most  prominent,  such  as  peaks,  rocks,  ledges  of  rock  running  with  the 
strata  of  the  hills,  trees  remarkable  for  some  peculiarity  in  shape  or 
size  so  as  to  be  recognized  from  various  positions,  and  any  other 
objects  likely  to  help  the  eye  in  filling  in  the  details;  and  lastly, 
sketch  the  details,  beginning  always  with  the  ground  nearest  yourself. 
^  Endeavour  to  portray  your  ground  faithfully — 1st,  By  preserving 
the  direction  and  bend  of  streams  as  in  nature ;  2nd.  By  giving  the 
run  of  the  ridges  correctly ;  3rd.  By  fixing  the  peaks,  ledges  of  rock, 
precipitous  falls  and  flats  carefully ;  4th.  By  showing  the  saddles  or 
depressions  between  peaks,  which  can  oidy  be  done  by  giving  the 
peaks  on  either  side  sufficient  relief  in  shading ;  5tli.  15y  attending 
strictly  to  the  true  breadtli  of  A-alleys  ;  Gth.  By  suppressing  all  hollows 
with  a  suitable  depth  of  tint;  7th.  By  careful  representation  of  tlic 
banks  of  streams  in  the  valleys ;  and  lastly,  by  finishing  shades  and 
touches,  in  which  is  comprehended  the  retouching  with  brush  or 
pen  work  the  entire  piece,  strengthening  the  shade  of  the  higher 
ridges  and  peaks  to  show  their  relative  heights,  and  suppressing  the 
white  tint  along  the  ridges. 

Many  excellent  draughtsmen  are  in  the  habit  of  leaving  the  ridge 
of  mountain  ranges  quite  white ;  this  is  evidently  a  mistake,  for, 
unless  the  ridge  of  any  range  of  hills  is  of  one  uniform  height  from 
end  to  end,  it  cannot  correctly  be  left  white.  Thus  a  wrong  impression 
is  conveyed  of  the  surface  of  i\\Q  ridge,  the  white  streaks  look  harsh 
and  are  displeasing  to  the  eye,  and  a  stiff  and  unartistic  look  is  given 
to  the  finish  of  tlie  drawing. 

The  means  of  communication,  whether  by  roads  or  minor  tracks, 
are  important,  both  for  civil  and  military  purposes,  and  should  be  care- 
fully inserted  in  the  map.  This  can  generally  be  done  with  facility 
in  a  liilly  country,   as  the  fixed  marks   will   lie  visible  in  suflScient 
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number  along  the  road,  so  that  the  latter  may  be  drawn  in  at  once  by 
plane-table  operations  along  the  line  of  communication  to  be  surveyed. 
In  flat  countries,  or  where  the  view  is  circumscribed,  it  may  be 
necessary  to  resort  to  measurements  and  plotting;  but  should  any 
case  occur  where  the  fixed  points  of  reference  are  far  apart,  the 
traverse  system  must  be  resorted  to,  and  tlic  road  should  be  plotted 
from  computed  co-ordinates. 

Field  Sketching. — Field  sketches  are  made  with  the  lead  pencil, 
and  may  be  drawn  upon  every  page  of  the  compass-book,  or  upon  the 
alternate  pages,  at  the   option  of  the  topographer.     In  the  former 
case,  the  bearings  and  distances  are  recorded  upon  the  drawing;  in 
tlie  latter,  the  record  occupies  the  left-hand  page,  and  the  sketch  the 
opposite  one.     The  page  for  sketching  should  be  ruled  in  squares, 
with  blue  or  red  ink,  forming  thus  an  indeterminate  scale,  the  length 
of  the  sides  of  the  squares  being  assumed  at  pleasure,  according  to  the 
nature  of  the  ground.     Both  the  record  and  the  sketch  are  read  from 
the  bottom  of  tlie  page  upward.     Suppose  tlie  stations  of  the  survey 
to  be  100  feet  apart;  then,  assuming  the  side  of  the  square  to  be  100 
feet,  commence  the  sketch  at  the  bottom  of  the  page — in  the  centre,  if 
the  survey  promises  to  be  tolerably  straight;  if  otherwise,  at  some 
point  to  the  right  or  left  of  the  centre,  the  reason  for  which  will  be 
explained  directly.     Let  the  bearing  from  the  first  station,  the  starting 
point  or  zero,  be  N.  10"^  E.    Draw  a  line  from  the  bottom  of  the  page 
upward;  the  side  of  the  square  being  assumed  100  feet,  number  the 
stations  upon  the  squares  as  far  as  the  line  is  run,  say  325  feet,  and 
write  the  compass  angle  down  along  this  line.     Let  the  bearing  from 
the  second  station,  or  No.  1,  be  N.  1°  W.;  draw  a  line,  making,  as  nearly 
as  can  be  judged  by  the  eye,  the  proper  angle  with  the  last  bearing, 
and  proceed  as  before.     AVhen  the  page  is  exhausted,  commence  with 
a  vertical   line   at  the  bottom  of  the  next  one,  marking  upon  it  the 
remainder  of  the  old  bearing,  and  making,  by  the  eye,  a  new  series 
of  approximate  protractions  as  before.     If  it  can  be  foreseen,  as  in 
most   cases   it    can,    that  the  line  of  survey    will   be    very    crooked, 
bending,  for  example,  from  left  to  right,  then  commence  the  bearing  at 
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llic  Itotloiu  (A'  the  p:i^'e  :icc(Ji'iliiig'ly,  bi'ii,"iiiiiini!;  :it  ;i  point  on  tlie 
extreme  I'iglit,  and  niiiniiiL;"  it  diagonally  to  the  left,  so  as  tu  make 
due  allowance  i'ov  the  great  deileetiun  anticipated  in  tlie  next  bearing. 
Such  cases  may  be  foreseen  in  running  around  an  inclosure,  or  in 
following  a  curving  stream  or  ridge.  The  advantages  of  the  system 
of  squares  in  sketch  books  completely  overbalance  the  one  <lisadvantage, 
wliicli  is,  tliat  the  diagonal  bearings  \vill  not  make  exact  distances 
upon  the  squares,  while  the  vertical  and  hoiizontal  ones  will.  It  will 
be  remembered  that  the  surveying  book  is  designed  to  be  exact  only 
in  its  7'ecord  and  tlie  genei'al  features  of  the  ground,  and  that  a  shght 
change  of  scale  is  not  material,  as  it  can  be  made  exact  when  the 
survey  is  protracted  npon  the  map.  ]>y  these  a2:)proximate  piotractions, 
any  page  of  tlie  book  of  survey  conveys  a  very  just  notion  of  the 
bearings  and  distances,  and  of  the  relative  positions  of  the  general 
features  of  the  ground.  The  first  station  being  at  the  bcjttom  of  the 
page,  note  down,  in  the  space  between  it  and  the  second  one,  all  the 
features  of  the  ground  passed  over  by  the  line  of  survey  ;  as  to  whether 
it  is  cultivated,  forest,  marsli,  cl'c.  ;  whether  it  is  crossed  by  streams, 
ditches,  &c.,  and  their  width  ;  if  it  rises  or  Ihlls  ;  about  what  degree  of 
slope,  &c.  On  both  sides  of  the  line  introduce,  according  to  the  scale, 
and  their  distances,  as  judged  by  the  eye,  all  topographical  objects 
within  sight,  such  as  buildings,  roads,  streams,  hills,  cl'C,  cl'C,  drawing 
them  to  the  scale  if  possible,  and  if  they  cannot  be  got  upon  the  page, 
describing  briefly  tlieir  nature  and  position.  In  sketching  hills 
endeavour  to  project  as  many  horizontal  curves  as  possible,  wliieh 
should  be  lightly  put  in,  and  then  the  shading  lines  may  be  drawn 
over  them.  The  degree  of  slope  should  be  frequently  written  down 
in  numbers  upon  the  sketch.  The  names  of  localities,  streams,  hills, 
farms,  &c.,  should  also  be  entered. 

Thus  far  we  have  sujjposed  a  measured  line  up(»ii  the  giound,  to 
which  tlie  situation  and  dimensions  of  objects  might  be  referred.  It  is 
much  more  difficult  to  embody  the  relative  positions  and  <limensions, 
where  all  is  left  to  the  eye.  Here  a  cultivated  judgment  is  of  the 
greatest  value.     Practice  alone  can  make  a  good  sketcher  under  such 

^  2 


116  PLAN    AM)    MAI'    DIJAWIXG. 

circumstances.  Rules  must,  from  the  nature  of  the  case,  be  few  and 
general.  In  the  first  place,  all  objects  within  the  field  of  vision  are 
presented  to  the  eye  in  perspective,  whereas  the  slcetch  is  to  be  a  p)lan. 
The  apparent  diminution  of  dimensions  in  distant  objects  must  there- 
fore be  corrected  on  the  plan.  For  example,  the  windings  of  a  crooked 
stream,  or  a  road,  in  perspective,  are  much  exaggerated  in  retiring 
into  the  distance  ;  they  must  therefore  be  straightened  out  in  the  sketch 
more  and  more,  as  they  are  more  removed.  2nd.  In  looking  at 
variously  placed  hills  from  a  somewhat  elevated  station,  the  eye  Avill 
in  some  cases  look  directly,  or  perpendicularly,  at  the  face  of  some 
slopes,  while  in  others,  tlie  surfoce  of  the  slope,  if  prolonged,  will  pass 
through  the  eye,  and  will  not  be  seen  in  its  true  dimensions,  though 
its  inclination  may  be  judged.  In  sketching  the  shapes  of  hills,  bodies 
of  water,  masses  of  forest,  &c.,  these  facts  must  be  taken  into  con- 
sideration, and  to  ensure  skill,  eye  sketches  of  a  small  portion  of 
ground  having  well-marked  features  must  be  frequently  made,  and 
compared  with  measurements  of  the  same  features.  In  sketching  a 
single  hill,  the  best  station  is  at  the  summit.  First  endeavour  to 
represent  the  lowest  horizontal  curve  of  its  surface ;  then  a  medial 
one ;  then  the  form  of  the  level  space  at  the  summit,  or  the  highest 
horizontal  curve.  Others  may  then  be  introduced  between  these,  until 
the  ground  is  sufficiently  expressed.  The  angles  of  inclination  should 
be  frequently  noted  down  in  numbers  ;  all  accidents  of  ground,  such 
as  ravines,  rocks,  &c.,  should  be  carefully  j^laced,  and  all  other  objects, 
such  as  houses,  fences,  trees,  &c.,  should  be  put  downi  in  their  proper 
relative  positions  and  dimensions.  Having  thus  prepared  a  skeleton 
of  horizontal  curves,  numbered  as  to  inclination  and  heights,  the 
sketch  will  always  serve  a  useful  purpose  without  any  lines  of  greatest 
descent.  After  sufficient  practice  in  this  method,  the  eye  will  become 
so  cultivated  as  to  enable  the  draughtsman  to  express  the  form  of 
ground  by  lines  of  descent  at  once,  the  mind  conceiving  the  position 
of  the  horizontal  curves,  and  thus  supj^lying  the  necessary  data  for 
the  shading  lines,  the  relative  thickness  and  length  of  which  for  the 
different  slopes  is  a  matter  very  easy  of  acquirement.     But  this  should 
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not  be  attem])tcMl  until  tlic  metliod  \>y  lioiT/ontal  sections  is  tliorong-lily 
mastered. 

It  is  easy  thus  to  make  a  sketch  of  a  single  hill,  hut  when  there 
are  many,  and  the  general  face  of  the  country  is  sloping  also,  the 
difficulties  of  representing-  the  connection  of  the  different  hills  at  th<jir 
bases  are  considerable.  In  such  cases  the  direction  and  lengths  of  the 
valleys,  or  water-courses  if  there  are  any,  must  first  be  noted,  bearing 
in  mind  the  illusions  of  perspective  in  both  its  effects,  previously 
mentioned.  Then  establish  the  positions  of  the  different  summits, 
marking  down  their  relative  heights,  after  which  put  in  the  other 
objects  to  be  represented,  such  as  roads,  trees,  Ijuildings,  Szc,  referring 
their  positions  to  each  other,  and  correcting  them  where  they  are 
found  to  disagree.  Horizontal  curves  present  the  readiest  means  to 
the  beginner  in  sketching  declivities.  When,  after  some  practice,  the 
form  of  a  body  suggests,  as  it  always  will,  its  horizontal  sections,  then 
it  will  be  time  to  resort  at  once  to  the  lines  of  greatest  descent.  The 
greatest  difficulties  to  be  overcome  in  the  practice  of  eye-sketching  are, 
1st,  that  of  converting  a  perspective  view  into  a^>/a?i,  in  all  its  true 
proportions  ;  and  2nd,  in  forming  a  just  conception  of  the  intersections 
of  different  slopes  at  their  bases.  Hence  the  rule,  to  project  first  upon 
the  sketch,  all  the  low^est  lines,  or  water-courses,  and  then  the  highest 
parts  or  summits.  Then  the  middle  lines  and  objects  may  be  placed, 
and  the  sketch  filled  up  by  referring  all  others  to  those  three  groups 
which  may  be  regarded  as  determined. 

The  lead  pencil  for  field  drawing  should  be  moderately  hard,  and 
the  general  tone  of  the  drawing  should  be  rather  light.  The  shading 
of  slopes  ought  not  to  overpower  by  its  depth  the  distinctness  of  other 
objects,  and  the  pencil  should  be  so  used  and  of  such  a  quality  as  not 
to  be  easily  defaced  l>y  rubbing. 

We  have  already  described  some  of  the  duties  of  the  "examiner" 
in  verifying  and  supjDiying  detail  in  the  field.  The  following  fuller 
exposition  of  those  duties  and  the  methods  of  performing  them  is  taken 
from  an  excellent  little  treatise  on  Land  Surveying,  by  John  A. 
Smith,  C.E. 
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Examination  of  3Iaps  in  the  Field. — For  tlie  purpose  of  tlie  ex- 
amination, the  "  examiner  "  should  be  furnished  with  an  elegant  and 
accurate  trace,  ink  copy,  of  the  plotted  detail  of  the  district,  and  he 
should  he  provided  with  a  suitable  sketch  case,  lined  with  prepared 
ass  skin,  pencil,  linear  scale,  chain,  &c.,  and  labourers.  The  trace  copy, 
in  one  sheet,  should  be  in  extent  not  more  than  can  be  conveniently 
secured  in  the  sketch  case.  It  is  desirable  that  the  marginal  detail  on 
the  trace  copy  shall  be  common  to  the  adjoining  sheets  for  examination. 
If  the  district  be  extensive,  and  if  there  be  no  more  than  one  examiner 
engaged  on  the  examination,  adjoining  sheets  should  not  be  given  to  the 
same  examiner,  that  the  character  oi"  the  examiner's  work  may  be  ascer- 
tained by  independent  examinations  of  the  same  marginal  detail.  In  the 
examination  of  the  detail  representation  on  a  map  tlie  "  examiner  " 
should  be  mainly  guided  by  a  few  leading  considerations ;  these  are  : — 

1.  The  position  of  a  straight  line,  or  detail,  on  the  map  will  be 
correct  when  its  actual  and  plotted  position  on  the  ground  and  map 
makes  equal  angles  with  another  known  line  and  intersects  it  in  a 
known  point,  the  position  of  which  line  and  point  on  the  ground  has 
been  previously  ascertained  to  be  correctly  represented  on  the  map. 

2.  The  line,  or  detail,  will  be  correctly  laid  down — given  in  mag- 
nitude and  position — when  its  position  and  length  on  the  ground  and 
map  are  ascertained  to  correspond  accurately. 

From  1  and  2  it  will  be  seen — 

a.  Tliat  the  point  of  intersection  of  two  given  straight  lines  on 
tbe  ground,  and  the  corresponding  point  on  tlie  map,  will  be  a  given 
point  on  the  map,  if  the  corresponding  lines  on  the  map  be  ascertained 
to  be  correctly  laid  down  in  position.     And, 

h.  That  any  two  points  being  given  or  correctly  determined,  the 
straight  line  terminating  in  them  will  be  a  given  line.     Further, 

c.  That  a  straight  line  traced  or  drawn  through  given  points,  is 
given  in  position.  It  should  be  kept  in  \iew  that  lines  may  be  more 
accurately  traced,  and  to  a  greater  distance,  with  the  naked  eye,  when 
the  party  tracing  is  rather  above  than  below  the  level  of  the  field  on 
which  the  trace  shall  be  made. 
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It  may  be  also  seen  that  a  point  on  tlie  map  wliicli  is  tlie  common 
])oiut  of  intersection  of  three  straiglit  lines  drawn  tlu'ongh  well-defined 
points  in  the  detail  will  be  a  given  point,  if  lines  traced  throngh  tlie 
correspoTiding  detail  points  on  the  ground  l)e  found  to  have  a  common 
point  of  intersection.  And  further,  that  tlio  correct  determination  of 
two  such  points  on  the  map  determines,  as  already  stated,  the  position  of 
a  straiglit  line  through  these  points.  The  determination,  in  the  above 
manner,  of  three  such  common  points  of  intersection  correctly  deter- 
mines tlie  representation  of  a  given  triangle.  In  the  examination  the 
sides  of  tlio  triangle  determined  by  intersections,  as  above,  should  be 
measured  on  the  ground,  to  ascertain  and  verify  the  accuracy  of  the 
determinations  of  the  angular  points  on  the  trace  or  iiuip.  The  pro- 
duction of  detail  lines,  and  lines  traced  through  plotted  points,  sliould 
be  taken  up  in  the  chain  measurements  of  the  sides  of  this  triangle. 
Through  these  verified  points  straight  lines  should  be  traced,  and 
drawn  in  pencil,  to  well-defined  points  in  the  detail,  such  as  the  buttals 
of  fences,  the  corners  of  liouses  and  walls,  gate  piers,  c^^c.  On  these 
lines  the  intersected  and  neighbouring  detail  should  be  examined  by 
chain  and  scale  measurements.  In  the  measurement  of  the  lines  the 
internal  and  adjacent  external  detail  should  be  very  carefully  examined, 
and  corrected  on  the  map  where  found  in  error.  The  examination  of 
the  detail  should  ])e  carried  forward  by  the  production  and  intersection 
of  given  lines,  and  also  by  cliaiii  measurements  from  given  points,  to 
verify  the  position  of  the  detail  or  other  points  on  the  map.  This 
examination  should  be  continued  to  the  limits  of  the  trace  sheet.  In 
remote  parts  of  the  trace  and  district,  lines  of  verification  should  be 
drawn,  traced  on  the  ground  and  measured  with  the  chain  to  verify 
the  scale  measurements  by  the  examination.  These  lines  should  be 
louG",  and  in  situations  anbrdino-  few  facilities  for  the  accurate  deter- 
mination  on  tlie  map  of  the  position  of  the  plotted  detail  by  other 
modes  of  examination. 

The  straight  line  passing  through  the  extremities,  or  otJier  well- 
defined  points  in  curved  detail,  should  be  regarded  as  a  detail  line, 
and  the  position  of  the  intermediate  curved  detail  V(.'rilied  by  ordinates 
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or  tangents.  Buildings  and  adjacent  detail  should  be  carefully  examined 
by  productions,  &c.,  because  of  the  greater  difficulties  these  details 
usually  present  to  the  surveyor  and  plotter,  and  the  consequent 
liability  to  small  errors  in  the  position  of  some  of  the  plotted  points, 
which  affect  the  direction  of  lines  determined  on  them. 

Among  the  Plates  appended  to  this  work  will  be  found  several 
examples  of  map  drawing  suitable  for  reference.  Plate  16  shows  the 
signs  used  on  ordinary  maps  and  charts.  Plates  29  and  30  contain 
signs  used  chiefly  upon  Indian  and  colonial  maps;  and  Plates  31 
and  32  give  the  signs  employed  upon  military  maps,  with  a  section 
and  a  plan  of  fortifications.  These  signs  should  be  neatly  drawn  and 
their  dimensions  suited  to  the  scale  of  the  map,  the  same  remark 
applying  to  these  as  to  trees  in  elevation.  Plate  1  is  a  plan  showing 
the  principal  characters  of  work  used  in  mapping.  This  plan  has 
been  very  carefully  compiled  and  drawn  to  I'ender  it  suitable  as  a 
plan  of  reference.  Plate  12  illustrates  the  construction  and  colouring 
of  hills  according  to  the  several  methods  described  in  the  preceding 
Sections.  Other  examples,  with  rocky  cliffs,  will  be  found  on  Plate  14. 
Plate  18  contains  a  piece  of  the  Ordnance  map  drawn  to  a  scale  of  one 
inch  to  the  mile,  and  furnishes  an  example  of  finished  work.  Upon 
the  same  Plate  will  be  found  a  piece  of  chart  showing  soundings, 
intended  as  a  reference  for  hydrographers  and  others  engaged  in 
marine  surveys.  And  Plate  28  shows  the  manner  in  which  geological 
maps  are  prepared.  The  whole  of  these  examples  will  be  found  worthy 
of  careful  study  as  specimens  of  the  draughtsman's  art. 

The  Plates  relating  to  this  Section  are  Nos.  1,  10,  12,  14,  18,  28, 
29,  30,  31,  and  32. 
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Section  YI. — Mecuanical  and  Auciiitixtliial  Di^awixos. 

It  is  not  witliiii  the  scope  of  the  ])i-esent  work  to  explain  and  to 
ilhistrate  the  principles  according  to  which  mechanical  drawings  are 
executed.  These  must  be  studied  in  special  treatises  on  Projection. 
The  several  methods  of  giving-  expression  and  embellishment  to  this 
class  of  drawings  have,  however,  been  fully  descrihed,  and  the  prin- 
ciples upon  which  these  methods  are  founded  carefully  explained.  It 
now  remains  for  us  to  add  a  few  general  remarks  and  some  detailed 
instructions  on  the  practical  application  of  these  principles  and 
methods. 

Before  commencing  the  delineation  of  any  machine,  the  draughts- 
man should  make  himself  thoroughly  acquainted  with  its  character ; 
that  is,  he  should  ascertain  the  nature  of  the  work  it  is  designed  to 
perform,  the  means  by  which  it  performs  that  work,  and  the  manner 
of  its  construction.  This  preliminary  study  is  necessary  to  enable 
him  to  obtain  a  good  general  idea  of  the  more  important  parts,  which 
he  will  have  to  give  prominence  to  in  the  drawing,  and  to  understand 
the  nature  of  the  various  connections  between  the  numerous  pieces  of 
which  the  machine  is  composed.  The  dimensions  of  the  several  parts 
must  be  carefully  taken,  and  when  drawing  from  actual  machinery, 
rough  sketches  should  be  made  to  serve  as  a  guide  in  getting  out 
the  complete  drawing.  The  dimensions  should  be  clearly  marked 
upon  such  sketches.  As  a  general  rule,  it  is  best  to  begin  with  the 
ground  line  and  position  of  main  driving  shafts,  from  which  dimen- 
sions may  be  taken  in  every  direction.  The  manner  of  writing  the 
dimensions,  whether  upon  the  rough  sketch  or  upon  the  comj^lete 
drawing,  should  always  be  thus  < —  2'  (j"  — >  for  lateral,  and  thus 

tfor   vertical   dimensions.      To  enable   the  draughtsman  to  take 
these    with    accuracy,   he    should    be    provided   with    a    pair    of 

col »  ,  , 

=:      callipers  for  measuring    the  diameters  of  shafts,   a    pluml»-line 
I      for  obtaining  lateral  distances  when  the  objects  are  not  in  the 
V     same  horizontal  })lane,  and  a  tw(>-fiH>t  rule. 

R 
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The  cliief  point  to  be  attended  to  in  commencing  the  drawing  of 
a  machine  is  to  obtain  the  correct  positions  of  the  centre  lines  of  its 
principal  component  parts,  especial  regard  being  had  to  the  centres 
of  motion.  These  centre  lines  have  been  explained  in  a  former  Section. 
ILiving  laid  down  lliese  lines  accurately  in  their  relative  positions, 
separate  sketches  may  be  made  on  a  large  scale  of  each  part  of  the 
machine,  and  the  details  of  each  part  constructed  upon  each  corre- 
sponding centre  line  in  succession,  until  the  whole  machine  is  built  up. 
The  centre  lines  should  be  drawn  in  red,  and  the  dimensions  should 
be  laid  oft"  on  each  side  of  them.  It  will  frequently  be  necessary  to 
take  a  careful  section,  to  obtain  sufficient  information  from  wdiich  to 
draw  the  plan  and  the  elevation. 

With  respect  to  the  written  dimensions  on  a  drawing,  it  may  be 
remarked  that  they  cannot  be  too  full  or  too  numerous.  Indeed,  without 
complete  w^ritten  dimensions  a  drawing  is  almost  useless ;  for  though  a 
scale  may  and  should  in  all  cases  be  attached,  great  labour  would  be 
required  to  make  use  of  the  drawing  by  means  of  the  scale  only.  Every 
dimension  which  an  engineer  is  likely  to  require  to  know  should, 
therefore,  be  plainly  written.  Nor  is  it  sufficient  to  give  a  dimension 
once  only,  as  on  the  plan,  for  example,  and  to  omit  it  on  the  elevation 
or  on  the  section.  It  should  never  be  necessary  to  refer  to  another 
drawing  to  find  a  dimension.  The  lettering  should  be  clearly  executed, 
and  the  direction  of  the  lettering  should  be  the  same  as  that  of  the 
figuring,  an  example  of  which  has  been  given ;  that  is,  it  should  read 
from  the  front  or  from  the  right-hand  side  of  the  drawing. 

If  a  drawing  is  to  be  coloured,  the  lettering,  and  all  dark  lines, 
such  as  shade  lines,  must  be  left  till  after  the  colour  has  been  applied. 
On  all  coloured  drawings  the  draughtsman  should  endeavour  to  obtain 
a  bright,  clear  tint  by  repeating  the  washes  a  sufficient  number  of 
times.  In  preparing  a  flat-wash  the  tint  should  be  mixed  up  slightly 
darker  than  is  required,  and  the  solid  colouring  matter  allowed  to 
settle  before  using.  The  solution,  being  poured  off  without  disturbing 
the  sediment,  will  give  a  perfectly  clear  and  pure  tint.  Tints  for 
colouring  perspective  drawings  should  always  be   prepared    in  this 
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manner.  Tlie  inetliods  of"  l:iyiii<i;  on  Ihit-wiislics  and  of  sliuding  l>y 
colours  have  been  described  in  loiiner  Sections.  Tlui  Ibllowin;^ 
additional  remarks  on  colour  shading  are  taken  iKnn  AVoitlien's 
'  Cyclopaidia  of  Drawing.' 

A  means  of  adding  considerably  to  the  definiteness  of  a  coloured 
mechanical  drawing,  and  of  promoting,  in  a  remarkable  degree,  its 
efifective  appearance,  is  obtained  by  leaving  a  very  narrow  margin  of 
light  on  tiie  edges  of  all  surfaces,  no  matter  what  may  be  the  angles 
they  form  with  the  surfaces  that  join  them.  This  should  be  done 
invariably  ;  we  do  not  even  except  those  edges  which  happen  to  have 
shadows  falling  upon  them.  In  such  cases,  however,  this  margin, 
instead  of  being  left  quite  white,  should  l>e  slightly  subdued.  The 
difficulty  of  achieving  this  effect  of  imparting  a  clear,  legular,  un- 
broken a})pcarance  to  these  lines  of  light  seems  very  formidable,  and, 
indeed,  almost  insuperable.  The  hand  of  the  colourist  may  be  as 
steady  and  confident  as  a  hand  can  be,  and  yet  fail  to  guide  the  brush, 
at  an  almost  inappreciable  distance  from  a  straight  or  a  circular  line, 
with  lliat  precision  and  sharpness  so  requisite  for  the  production  of 
this  beautiful  effect.  We  shall,  how^ever,  explain  a  novel  and  an 
effective  method  of  arriving  at  this  most  desirable  result. 

Suppose  the  object  about  to  receive  the  colour  to  be  tlie  elevation 
of  a  long  flat  rod  or  lever,  on  the  edge  of  which  a  line  of  light  is  to 
be  left.  Fill  tlic  drawing  pen,  as  full  as  it  will  conveniently  hold, 
with  tint,  and  draw  a  broad  line  just  within,  but  not  touching,  the 
edge  of  the  lever  exposed  to  the  light.  As  it  is  essential  to  the 
successful  accomplishment  of  the  operation  that  this  line  of  colour 
should  not  dry,  even  partially,  before  the  tint  on  the  whole  side  of 
the  lever  has  been  laid  on,  it  will  be  well  to  draw  the  pen  a  second 
time  very  lightly  along  the  line,  so  as  to  deposit  as  much  tint  as 
possible.  Immediately  this  has  been  done,  the  brush,  filled  with  the 
same  tint,  should  be  passed  along  so  as  to  join  the  inner  edge  of  this 
line  of  colour  and  the  whole  surface  of  the  lever  to  be  filled  in.  By 
this  means  a  distinct  and  regular  line  of  light  is  obtjiined  without 
sacrifice  of  time.     A  still  more  expeditious  way  of  colouring   such 

K  2 
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surfaces  is  to  draw  a  second  line  of  colour  along  and  in  contact  with 
tlie  opposite  edge  of  tlie  lever  or  other  object,  and  to  fill  in  the 
intermediate  space  between  the  two  wet  lines  with  the  brush.  In  this 
way  a  clear,  uniform  outline  to  the  tint  is  obtained.  The  blades  of  the 
drawing  pen  must  not  be  sharp,  and  care  must  be  taken  not  to  press 
heavily  upon  it,  as  otherwise  the  blades  w^ill  leave  their  course 
visible — an  unsightly  betrayal  of  mechanical  means  to  obtain  such 
regularity  in  the  colouring.  Flat  circular  surfaces  may  be  treated  in 
the  same  way,  by  using  the  pen  compass  instead  of  the  drawing  pen. 
AVhen  such  surfaces  are  large  it  will  be  judicious  to  colour  them  in 
halves  or  in  quadrantal  spaces,  but  great  care  must  be  taken  to  join 
the  parts  neatly.  The  lines  of  junction  may  be  obliterated  by  slightly 
washing  them,  or  by  laying  a  very  light  tint  over  the  whole  surface, 
taking  care  in  crossing  the  lines  of  junction  to  rub  them  lightly  with 
the  brush. 

The  line  of  light  upon  cylindrical  objects  may  be  beautifully 
produced  by  the  same  means.  To  indicate  this  line  with  perfect 
regularity  is  highly  important,  for  if  strict  uniformity  be  not  main- 
tained throughout  its  length,  the  object  will  appear  crooked  or 
distorted.  Having  marked  in  pencil  the  position  of  the  light,  and 
filled  the  drawing  pen  with  a  just  perceptible  tint,  draw  a  line  of 
colour  on  one  side  of  the  line  of  light.  Then,  with  the  brush  filled 
with  the  same  tint,  fill  up  the  space  unoccupied  by  the  shade  tint, 
within  which  the  very  light  colour  in  the  brush  will  disappear.  The 
portion  of  the  surfiice  on  the  other  side  of  tlie  line  of  light  being 
treated  in  the  same  way,  the  desired  effect,  of  a  stream  of  light,  clear 
and  mathematically  regular,  will  be  obtained.  The  effectiveness  and 
expeditiousness  of  this  method  will  be  most  noticeable  on  long  circular 
rods  of  small  diameter,  where  a  want  of  accuracy  is  more  immediately 
perceptible.  The  extreme  depth  of  shade,  as  well  as  the  line  of  light, 
may,  on  such  rods,  be  marked  by  filling  the  pen  with  dark  shade  tint, 
and  drawing  it  exactly  over  the  line  representing  the  deepest  part  of 
the  shade.  On  either  side,  and  joining  this  strip  of  dark  colour, 
another,  composed  of  lighter  tint,  is  to  be  drawni.    Others  successivelv 
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lighter  should  follow,  until,  on  one  side,  the  line  of  the  rod  is  joined, 
and,  on  the  otlier,  the  lightest  part  of  the  rod  is  nearly  reached.  The 
line  of  light  is  then  to  be  shown,  and  the  faint  tint  used  at  this  part  of 
the  operation  spread  with  the  brush  lightly  over  the  whole  of  tliat 
portion  of  the  rod  situate  on  either  side  of  this  line,  thus  l)lending  into 
smooth  rotundity  the  graduated  strips  of  tint  drawn  with  the  pen. 

For  the  correct  representation  of  a  building,  plans,  sections,  and 
elevations  are  required.  The  plan  is  usually  a  horizontal  section  of 
the  building  close  above  the  ground  floor.  The  position  and  the 
dimensions  of  the  walls  and  the  rooms  of  a  house  are  shown  by  this 
means.  As  the  walls  are  shown  in  section  in  the  plan,  sections  of  the 
various  walls  must,  of  course,  be  supplied  before  the  phm  can  be 
drawn.  It  is  usual  to  colour  the  section  of  the  walls  in  a  ground 
})lan ;  but  not  unfrequently  a  dark  wash  of  Indian  ink  is  preferred  to 
colour.  The  number  of  sections  required  will  depend  upon  the 
regularity  of  the  building;  but  generally  it  will  be  found  that  two 
half-sections  are  suflicient.  These  two  half-sections  are  usually  placed 
side  by  side,  separated  by  a  single  line.  The  lines  on  which  they  are 
constructed  must  be  drawn  distinctly  on  the  plan,  and  lettered.  The 
section  is  then  described  as  "  Section  "  or  "  Half-section  "  on  A  B,  kc. 
Usually  the  line  of  section  is  broken  in  plan,  and  the  section  is  then 
said  to  be  on  A  B,  C  D,  one  half  being  on  A  B  and  the  other 
half  on  C  D.  Separate  sections  to  larger  scales  are  required  for  the 
details  of  construction,  such  as  joints  of  rafters,  mouldings  to  windows, 
and  other  parts  needing  distinct  representation.  Elevations  genei-ally 
represent  the  whole  of  one  side  of  the  building,  and  every  side  that 
differs  from  the  rest  must  have  its  own  elevation.  Such  elevations 
are  termed  Front,  Back,  and  End  Elevations,  or  North,  South,  East, 
and  West  Elevations.  In  order  to  show  the  foundations,  a  section  of 
the  ground  is  sometimes  given  with  an  elevation  ;  in  such  a  case  the 
level  of  the  ground  should  be  shown  by  a  distinct  line.  Sometimes 
the  portions  of  the  structure  below  the  ground  are  shown  by  dotted 
lines.  Such  portions  should  not  be  coloured.  In  getting  out  the 
drawings  the  plan  should  first  be  diawn,  then  the  sections,  and  linally 


12G  PLAN    AND    MAT    DUAWl.NCJ. 

the  elevations.  Tlie  colouring  of  elevations  will  afford  tlie  student  an 
opportunity  of  applying  the  knowledge  he  may  have  acquired  from  a 
former  Section  of  this  work,  and  of  displaying  his  artistic  taste. 

In  the  accompanying  Plates  will  he  found  examples  of  colouring 
mechanical  and  architectural  drawings.  These  should  be  studied  in 
conjunction  with  the  Section  on  colouring  in  the  first  part  of  this  work. 
Plate  22  shows  a  piece  of  marine  engine  carefully  coloured  to  indicate 
the  material  of  which  the  several  parts  are  made,  and  Plate  23 
contains  a  |)icce  of  permanent  way,  consisting  of  wrought-iron  rail  and 
bolt,  cast-iron  chair  and  wooden  sleeper  and  block,  and  an  elevation 
of  a  skew  bridge,  accurately  coloured  and  shaded  in  accordance  with 
the  principles  already  explained.  It  is  not  witliin  tlie  scope  of  this 
work  to  treat  the  subject  of  projection,  whether  orthographic,  isometri- 
cal,  or  perspective ;  but  we  have  given  examples  of  each  of  these  for 
the  purpose  of  illustrating  the  remarks  and  instructions  on  colouring 
given  in  the  Section  referred  to  above.  Thus  Plate  24  is  a  perspective 
drawing,  such  as  are  frequently  made  by  architects,  requiring  a  high 
degree  of  skill  and  taste  on  the  part  of  the  colourist.  And  Plate  27 
contains  two  isometrical  views  of  a  building.  These  examples  are 
intended  to  serve  as  models  of  finished  colouring. 

The  Plates  relating  to  this  Section  are  Nos.  22,  23,  24,  and  27. 


Section  \U. — Copying  and  Iikdlcino. 

Duplicates  of  drawings  are  very  frequently  required  ;  so  fre- 
quently, indeed,  and  in  such  numbers,  that  their  production  constitutes 
a  large  portion  of  the  work  executed  in  c\ery  drawing  office.  Gene- 
rally, these  duplicates  are  required  to  the  same  scale  as  the  original 
drawing ;  but  often  it  becomes  necessary  to  reduce  or  to  enlarge  the 
scale  to  render  the  drawing  suitable  to  the  purpose  for  which  it  is 
intended.  The  various  means  and  methods  by  which  such  duplicates 
are  produced  are,  therefore,  important  matters  to  the  draughtsman, 
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and  especially  to  the  younf^  draughtsman,  whose  labours  in  the  drawing 
office  will  for  a  long  time  Le  confined  almost  exclusively  to  their 
employment.     These  means  and  methods  will  now  be  described. 

Draivinfj  from  Copy. — Drawing  from  copy  is  rarely  resorted  to 
for  tlic  piirjiose  of  obtaining  duplicates,  lho  [)rocess  being  too  slow  for 
practical  requirements.  But  it  constitutes  the  principal  means,  after 
the  study  of  projection,  by  which  pupils  in  the  office  are  initiated  into 
the  art  of  producing  drawings.  A  few  hints  concerning  the  best 
modes  of  proceeding  in  these  operations  will,  therefore,  be  serviceable, 
both  to  the  instructor  and  the  instructed. 

First  draw  a  liorizontal  and  a  vertical  line  through  the  middle, 
each  way,  of  the  sheet  upon  which  the  copy  is  to  be  made  ;  draw  also 
similar  lines  upon  the  copy.  As  these  lines  divide  the  paper  equally, 
they  may,  for  the  sake  of  distinction,  be  called  "  divisional  lines."  If 
the  centre  lines  are  not  shown  on  the  copy,  these  must  next  be  drawn 
in  lightly  with  the  pencil,  great  care  being  taken  to  place  them 
correctly.  The  position  of  these  centre  lines  relatively  to  the  divisional 
lines  may  then  be  transferred  by  means  of  the  dividers  from  the  copy 
to  the  fair  sheet,  upon  which  they  must  be  drawn  finely  but  distinctly. 
Sometimes  it  will  be  necessary  to  draw  other  lines  upon  the  copy,  and 
to  transfer  them  in  like  manner  to  the  fair  sheet.  The  details  may 
then  be  drawn  in  u\)on  these  centre  lines,  by  transferring  to  them  the 
measurements  taken  from  the  centre  lines  of  the  copy.  In  taking 
measurements  from  a  centre  line  through  an  object  that  has  both  sides 
alike,  the  dividers  should  be  turned  over  to  ascertain  whether  the 
distance  on  the  other  side  of  the  centre  line  is  the  same,  so  as  to  prove 
the  accuracy  of  the  drawing  with  respect  to  the  centre  line.  All 
measurements  must  be  taken  in  the  exact  direction  of  the  distance  to 
be  measured,  and  be  transferred  in  the  same  direction,  or  an  obviously 
incorrect  distance  will  be  the  result.  In  making  the  mark,  the  point 
of  the  dividers  should  not  be  pushed  into  the  paper,  a  just  visible 
ni;irk  being  all  that  is  required  ;  care  must  also  be  taken,  when  using 
the  compasses,  not  to  press  the  leg  into  the  paper,  as  the  holes  thus 
made  render  circles  ami  arcs  inaccurate,  are  unsightly  at  all  times,  and 


128  PLAN    AND    MAP    DRAWING. 

completely  destroy  the  unbroken  appearance  of  a  tint  on  a  coloured 
drawing  by  retaining  the  colour.  AVhen  drawing  in  circular  details 
with  the  pencil,  it  will  be  well  to  place  a  small  hand-drawn  circle 
around  the  centre  for  reference  when  inking  in ;  also,  when  a  curve  is 
struck  from  several  centres,  a  temporary  pencil  line  to  represent  the 
radii  should  be  drawn  from  the  centres  to  their  respective  arcs. 

AVhen  two  or  more  views  of  the  same  objects  are  given,  they  should 
be  worked  upon  simultaneously ;  because,  having  once  drawn  in  the 
centre  lines,  one  measurement  may  be  applied  to  the  corresponding 
part  in  each  view,  and  so  time  and  trouble  saved. 

In  copying  maps  and  plans  by  this  method  of  drawing  from  copy, 
both  the  copy  and  the  fair  sheets  are  divided  up  into  small  squares,  by 
drawing  a  number  of  other  lines  parallel  to  the  divisional  lines  de- 
scribed above.  The  intersection  of  detail  with  these  lines  may  then  be 
readily  and  correctly  transferred  from  the  copy  to  the  fair  sheet. 

Copying  by  Tracing. — Tracing  furnishes  the  most  expeditious 
means  of  multiplying  drawings.  When  a  tracing  is  required  in  outline 
only,  tlie  usual  way  is  to  fasten  the  sheet  of  tracing  paper  with 
ordinary  drawing  pins  over  the  drawing  to  be  traced ;  the  sheet  of 
tracing  paper  should  be  sufficiently  large  to  allow  the  pins  to  be  clear 
of  the  drawing.  If  the  sheet  is  not  large  enough  for  this,  strijDS  of 
thin  paper,  with  one  edge  gummed  to  the  tracing  paper  and  the  other 
to  the  board,  may  be  used.  When  this  method  is  not  practicable, 
the  pin  holes  may  be  effaced  to  some  extent  by  turning  the  drawing 
upside  down,  and  pressing  back  the  edges  of  the  holes  with  the  flat  end 
of  a  pencil,  after  the  tracing  has  been  removed.  If  the  tracing  is  to 
be  coloured,  it  must  be  stretched  on  the  board,  or  it  will  never  lie  flat 
after  being  moistened ;  and  if  the  colouring  is  to  be  applied  before  the 
tracing  is  removed  from  the  drawing,  it  is  essential  that  the  tracing 
paper  be  larger  than  the  drawing,  so  that  it  may  be  cut  off  without 
injury  to  the  latter.  When  there  is  not  sufficient  time  to  stretch  the 
tracing  paper,  the  tendency  to  buckle  up  when  drying  may  be  greatly 
lessened  by  placing  weights  around  any  part  immediately  after  the 
colouring  has  been   laid  on.      If  the  tracing  is  to  be  mounted,  the 
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colomiiig  sliOuM  1»G  applied  after  inounting.  Wlien  tracing  cl(jtli 
is  used,  a  miicli  bettor  appearance  will  be  produced  by  ap})lying-  the 
colour  to  the  back  of  tlie  tracing. 

In  perlbrniing  the  stretching  process,  the  sponge  must  not  be 
applied  directly  to  the  tracing  paper,  but  to  a  piece  of  clean  white 
paper  laitl  over  it;  sufficient  moisture  will  pass  through  to  the  tracing 
paper  in  a  lew  seconds.  Sometimes,  when  the  sheet  is  small,  merely 
breathing  upon  it  will  be  found  sufficiently  effective.  As  tracing  paper 
is  thus  greatly  affected  by  the  breath,  it  has  been  recommended  to 
entirely  finish  both  circles  and  lines  within  a  small  area  at  a  time, 
when  copying  a  drawing,  as  if  all  the  circles  were  put  in  first,  as  on  a 
drawing,  many  of  them  might  be  out  of  position  before  the  lines  could 
be  drawn.  This  recommendation  is,  however,  of  doubtful  value.  AVhen 
tracing  from  another  tracing,  a  piece  of  wliitc  paper  should  be  placed 
beneath  the  copy  to  render  the  lines  distinct. 

A  tracing  may  be  made  upon  ordinary  drawing  paper  by  means 
of  the  glass  drawing  hoaixl.  This  consists  of  a  sheet  of  plate  glass  let 
into  a  wooden  frame  about  3  inches  wide  flush  with  the  face,  the  inner 
edges  of  the  frame  being  rebated  for  this  purpose.  This  copying 
board  is  placed  on  a  table  in  front  of  a  window,  and  supported  at  an 
angle  of  about  25°,  so  as  to  get  a  strong  light  beneath,  which  light 
may  be  increased  by  placing  a  sheet  of  white  paper  upon  the  table 
to  reflect  upwards.  The  original  drawing  being  pinned  down  to 
this  board  with  a  sheet  of  drawing  paper  or  parchment  over  it,  the 
finest  lines  will  be  plainly  visible,  and  the  drawing  may  be  traced 
in  the  same  manner  as  upon  tracing  paper.  To  alter  the  light,  the 
angle  of  the  board  may  be  changed.  This  method,  which  is  coming 
extensively  into  use,  is  a  very  convenient  one  for  cop^-ing  plans 
and  maps. 

Copying  by  Transfer. — Copying  by  tran^^fcr  has  superseded  the 
method  already  described  as  "  drawing  from  copy."  Transfer  paper, 
as  employed  for  this  purpose,  may  be  made  in  the  following  manner. 
Take  half  an  imperial  sheet  of  very  thin  paper,  such  as  tissue  paper, 
and  having  stretched  it  upon  a  board,  rub  some  common  blackload 
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powder  well  into  it.  Then,  liaving-  removed  the  dust  and  superfluous 
blacklead,  well  rub  the  sheet  with  a  cotton  rag  to  prevent  its  soiling 
the  paper  when  used  for  transferring  a  drawing.  A  sheet  of  trans- 
ferring paper  prepared  in  this  way  will  last  for  years.  Red  transfer 
paper,  which  is  principally  used  by  lithographers,  is  prepared  in  the 
same  manner  with  red  ochre. 

To  transfer  a  drawing,  the  sheet  of  transfer  paper  is  laid  w^itli  its 
prepared  face  upon  the  paper  which  is  to  receive  the  drawing,  and 
over  this  is  placed  a  tracing  of  the  drawing  to  be  copied,  carefully 
pinned  down.  The  straight  lines  of  tlie  tracing  may  then  be  trans- 
ferred to  the  drawing  paper  below  by  going  over  them  with  a  style 
or  other  pointed  instrument  that  will  not  cut  the  tracing.  For  the 
regular  curves  and  circles,  it  will  be  sufficient  to  mark  the  centres  by 
a  small  cross,  thus,  x  ,  and  the  radii  by  short  lines.  Other  curves  may 
be  transferred  by  means  of  the  French  curve.  By  this  means  a  copy 
of  the  original  drawing  is  obtained  in  black  or  red  lines,  wdiich  may 
be  afterwards  inked  in.  Though  three  distinct  operations  are  re- 
quired in  this  process,  making  the  tracing,  transferring,  and  inking  in, 
a  drawing  can  be  much  more  rapidly  copied  by  means  of  it,  than  by 
measuring  off  with  the  dividers,  as  in  drawing  from  copy. 

lieducing  and  Enlarging. — It  is  evident  that  in  drawing  from 
copy,  the  drawing  may  be  reduced  or  enlarged  at  pleasure,  since  it  is 
only  necessary  to  take  half  or  twice  the  dimensions  as  required. 
Usually  proportional  compasses  are  employed  for  this  purpose.  When 
reducing  by  scales,  it  is  obviously  not  essential  to  use  the  same  scale  as 
that  to  which  the  original  is  made;  the  dimensions  on  one  scale  may 
be  readily  transferred  to  any  other,  and  the  student  will  do  well  to 
make  himself  familiar  w^ith  the  operation. 

For  reducing  or  enlarging  plans,  several  means  are  employed : 
one  of  these  is  known  as  the  method  of  squares,  and  is  illustrated  on 
Plate  20.  In  the  preceding  remarks  on  drawing  from  copy,  it  was 
shown  how  in  copying  to  the  same  scale,  both  the  copy  and  the  fair 
sheet  were  divided  into  squares  of  equal  size,  and  how  the  intersections 
of  the  detail  with  the  lines  forming  these  squares  on  the  copy  were 
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transferred  l»y  luciisureiiicut  to  corresponding  points  on  tlie  ihir 
sheet.  It  is  obvious,  tlierclbre,  tliat  if  tlie  squares  on  IIk;  Jatler  l)e 
larger  or  smaller  than  tliose  on  the  former,  as  the  intersections  will 
be  transferred  to  the  same  relative  positions  on  the  fair  sheet  as  they 
occupy  on  tlie  copy,  the  plan,  or  other  drawing,  will  be  enlarged  or 
reduced  accordingly.  This  is  the  principle  upon  which  drawings  are 
reduced  by  this  method.  Proportional  com^^asses  are  required  in  the 
operations. 

Drawings  may  also  be  rapidly  reduced  or  enlarged  by  means  of 
instruments  called  the  PantO(jraph  and  the  Eidorjrajih.  Both  of  these 
instruments  are  shown  on  Plate  2G.  The  following  very  comj^lete 
description  of  the  pantograph  and  the  eidograph  is  given  in  an  excel- 
lent work  on  '  ^lathematical  Drawing  Instruments,'  by  "W.  F. 
Stouley,  of  ITolborn,  London. 

"  The  pantograph,  as  represented  on  the  plate,  consists  of  four 
rules  of  stout  brass,  which  are  jointed  together  in  pairs,  one  pair  of 
rules  being  about  double  the  length  of  the  other.  The  free  ends  of 
the  shorter  pair  are  again  jointed  to  the  longer  in  about  the  centre. 
It  is  important  that  the  distance  of  the  joints  on  each  of  the  short 
rules  should  exactly  corres2^ond  with  the  distance  of  the  joints  on  tlie 
opposite  longer  rules,  so  that  the  inscribed  sjoace  should  be  a  true 
parallelogram.  To  enable  the  instrument  to  w^ork  freely  and  cor- 
rectly, all  the  joints  should  be  perfectly  vertical,  and  with  double 
axes.  Under  the  joints  casters  are  placed  to  support  the  instrument, 
and  to  allow  it  to  move  lightly  over  the  paper.  One  of  the  long 
rules  has  a  socket  fixed  near  the  end,  which  carries  a  tracing  point 
when  the  instrument  is  used  for  reducing.  The  other  long  rule,  and 
one  of  the  shorter  rules,  have  each  a  sliding  head  fitted  upon  it,  which 
is  similar  to  one  of  the  heads  of  a  pair  of  beam  compasses.  Each  head 
has  a  screw  to  clamp  it  in  any  part  of  the  rule,  and  carries  a  perpen- 
dicular socket,  which  is  placed  over  the  edge  of  the  rule  in  a  true 
line  witli  the  joints.  Each  socket  is  adapted  to  hold  either  a  pencil 
holder,  tracing  point,  or  fulcrum  pin,  as  may  be  required.  The  rules 
u[)on  which  Ihe  heads  slide  are  divided  with  a  scale  of  proportions: 
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1 — 2,  11 — 12,  9 — 10,  &c.,  wliicli  imlicate  as  one  is  to  two,  as  eleven 
are  to  twelve,  as  nine  are  to  ten,  &c. 

"  A  loaded  brass  weight,  which  firmly  supports  a  pin  that  fits 
exactly  into  either  of  the  sockets,  forms  the  fulcrum  upon  which  the 
whole  instrument  moves  when  in  use. 

"  The  pencil  holder  is  constructed  with  a  small  cup  at  the  top, 
wliich  may  be  loaded  with  coin  or  shot  to  cause  the  pencil  to  mark 
with  the  required  distinctness. 

"  Arrangement  is  made  to  raise  the  pencil  holder  oif  the  draw- 
ing. This  is  effected  by  a  groove  down  one  side  of  the  pencil 
holder,  in  which  a  cord  is  fixed,  passing  from  the  pencil  along  the 
rules,  turning  the  angles  over  small  pulleys,  aud  reaching  the  tracing 
point,  where  it  may  be  readily  pulled  by  the  hand  to  raise  the 
pencil.  This  w^ill  be  found  especially  convenient  when  the  pencil 
is  required  to  pass  over  any  part  of  the  copy  not  intended  to  be 
reproduced. 

"  The  pantograph  is  set  to  reduce  drawings  in  two  ways, 
termed  technically  the  erect  manner  and  the  reverse  manner.  It 
will  be  necessary  to  give  full  details  of  each  manner,  particularly 
in  relation  to  the  scales  engraved  upon  the  instrument,  which  are 
not  very  intelligible ;  indeed  comparatively  few  professional  men 
are  sufficiently  acquainted  with  them  to  avail  themselves  of  their 
full  value. 

"  By  tlie  erect  manner  of  setting  the  pantograph,  the  reduced 
copy  will  appear  erect;  that  is,  the  same  way  as  in  the  original. 
The  general  position  of  the  parts  of  the  instrument  set  in  this  manner 
is  shown  in  the  plate,  where  it  will  be  seen  that  the  fulcrum  pin  is 
placed  in  the  socket  of  the  sliding  head  upon  the  outside  long  rule, 
and  the  pencil  holder  in  the  socket  uj^on  the  short  central  rule.  By 
this  method  of  setting  the  instrument,  it  will  reduce  in  any  of  the 
given  proportions  not  exceeding  half-size,  technically  from  1 — 2. 
The  scales  engraved  upon  the  rules  that  accord  with  the  erect  manner 
of  setting  are  those  which  have  1  for  the  first  jDroportion ;  as  1 — 2, 
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1 — 3,  1 — 4,  &c.  TIic  otlier  scales  may  bo  used,  Inii  will  not  accord 
with  the  reading-,  except  through  aritlniiL'ticii]  deductions,  the  results 
of  wliich  may  be  given  more  clearly  by  the  lullowing  complete  Table 
lliaii  by  rules  with  exceptions. 

TaISLK  of  IiKDUCTIOXS  DY  THE  rANTOCiUAPII  IN  THE  I"]rECT  MaXNER,  THK  FuI.CUUM  BEINO 
PLACED  IN  THE  SOCKET  UPON  TUE  OUTSIDE  ItULE,  AND  THE  PENCIL  UPON  TUE  CeNTIIAL 
IiULE. 


Kcading  Riven  upon 

Reduces  in  the  Pro- 

Reading  Rivn  upon 

Reduces  in  tlio  Pro- 

the Scales. 

Ijortloii  of 

the  Scales. 

portion  of 

I 2 

1  to    2 

2—3 

2  to    5 

1-3 

1    „    3 

3—4 

3   „    7 

1—4 

1    „    4 

4—5 

4    „     9 

1—5 

1    „    5 

5—6 

5   „  11 

1-0 

1    „    0 

G— 7 

6    „  13 

1 — 7 

1    „    7 

7—8 

7    „  15 

1—8 

1    „    8 

8—9 

8   „  17 

1— y 

1    „    9 

9—10 

9    „  19 

1—10 

1    „  10 

10—11 

10   „  21 

1—11 

1    „  11 

11—12 

11    „  23 

"  In  the  above  Table  the  readings  which  are  given  with  the 
proportions  are  gi\cn  to  show  clearly  which  ^proportions  agree  with 
the  erect  scales;  many  of  those  that  do  not  agree  with  the  reading 
are  very  useful,  as  2 — 3,  which  is  often  required  to  reduce  a  drawing 
from  a  scale  of  20  to  one  of  50. 

"  In  the  reverse  manner  of  setting  the  pantograph,  the  reduced 
copy  appears  reversed,  or  upside  down,  to  the  original.  The  fulcrum 
pin  is  placed  in  the  socket  upon  the  short  central  rule,  and  the  pencil 
holder  is  placed  in  the  socket  upon  the  outside  rule.  This  is  gene- 
rally the  most  convenient  way  of  using  the  pantograph  for  large 
draw^ings,  as  the  original  and  copy  come  edge  to  edge,  and  need  not 
overlap  each  other,  wdiich  is  often  compulsory  in  the  erect  manner  ; 
the  range  of  scale  is  also  much  greater,  as  the  proportions  include  the 
unit  proportions  of  the  erect  scale,  and  continue  in  ratios  up  to  full 
size. 

"  The  followin^T:  Tal»lc  will  li-ive  the  readini'-s  of  the  instrument 
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whicli  accord  with  tlie  reverse  setting,  and  those  which  may  be  used 
to  this  setting,  obtained  by  calculation. 


Table  of  Reductions  by  tiik  Pantoghaph  in  the  Eevkrse  manner,  the  Fulcrum  beint; 
placed  in  tub  socket  on  the  central  piule,  and  the  pencil  in  the  socket  ui'on 
THE  Outside  Pt^lk. 


Reading  given  upon 

Reduces  in  the  Pro- 

Ittfuling given  upon 

Reduces  in  tlic  I'ro- 

the  Scales. 

portion  of 

the  .Scales. 

jiortion  of 

1—2 

1  to    1  full  size 

2-3 

2  to   3 

1—3 

1    „     2 

3—4 

3   „    4 

1—4 

1   „    3 

4—5 

4   „    5 

1—5 

1    „    4 

5— G 

5    ,,     G 

1—6 

1    „     5 

0—7 

G   „     7 

1—7 

1    „    0 

7—8 

7   „    8 

1—8 

1    »     7 

8—9 

8   „     9 

1-9 

1    „    8 

9—10 

9    „  10 

1—10 

1    „     0 

10—11 

10   „  11 

1-11 

1    „  10 

11—12 

11    „  12            , 

"  The  above  Table  and  the  previous  one  give  the  proportions  for 
reductions,  the  tracing  point  being  in  every  instance  considered  upon 
tlie  outside  rule.  If  it  were  required  to  produce  an  enlarged  copy, 
whicli  the  pantograph  will  do  but  very  imperfectly,  the  pencil  and 
tracer  would  have  to  change  places ;  the  proportions  of  course  would 
read  the  same. 

"  In  using  the  pantograjoh  some  care  is  required  in  setting  the 
fulcrum  weight  in  the  best  position  to  allow  easy  action  of  the  instru- 
ment over  the  space  required.  It  should  always  be  roughly  tried 
over  the  boundary  before  commencing  the  copy. 

"  The  ordinary  pantograph  will  in  no  instance  work  over  a  large 
drawing  at  one  operation,  but  it  may  be  shifted  about  as  required, 
using  care,  and  testing  the  copy  after  the  fulcrum  is  moved,  to  see 
that  the  tracer  and  pencil  correspond  in  those  parts  already  produced, 
that  the  pantograph  will  reach  in  its  shifted  position.  The  fulcrum 
weight  being  generally  made  with  needle  points  to  attach  it  to  the 
drawinQ'  will  bo  found  verv  difficult  to  shift  so  short  a  distance  as  is 
frequently  required.  This  may  be  easily  remedied  by  attaching  with 
gum  a  piece  of  indiarubber  over  each  of  the  sharp  points,  when  it  is 
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required  to  lie  lifted  for  largo  drawing.s.  Tlio  niMicr  will  lir)l(l  ijic 
paper  sufficiently  if  tlie  pantograph  work  ireely  in  the  joints  and 
casters,  as  it  should  do. 

"  In  copying  the  huildings  which  frcquonlly  occur  in  plans  of 
estates,  &c.,  a  straight  slip  of  transparent  horn  will  he  found  very 
convenient  to  guide  the  tracing  point.  Some  draughtsmen  have  the 
horn  cut  witli  an  internal  angle,  hy  which  one  side  and  one  end  of  a 
building  may  be  traced  without  shifting  the  horn. 

"  Architects  and  mechanical  engineers  seldom  use  the  2')anto- 
graph ;  however,  it  may  perhaps  be  sometimes  used  with  advantage 
for  tracing  in  the  most  difficult  and  tedious  parts  of  a  drawing  with  a 
precision  impossible  b}'  hand.  This  applies  particularly  to  such  parts 
as  are  frcquentl}^  repeated,  as  capitals,  trusses,  bosses,  tracery,  (^c, 
upon  drawings  to  very  small  scales.  In  these  instances  it  is  only 
necessary  to  make  a  detail  sketch,  say  six  times  the  size  required,  and 
to  place  the  fulcrum  weight  in  such  position  that  the  pencil  wdll  2)ass 
over  the  parts  required  to  be  filled  in,  the  tracer  at  the  same  time 
resting  on  a  corresponding  part  of  the  detail  sketch,  which  may  be 
placed  in  position  under  the  tracing  point,  and  l)C  held  sufficiently  by 
two  lead  weights.  For  a  second  ornament  on  the  same  drawing,  the 
detail  may  be  shifted  without  moving  the  fulcrum. 

"  To  follow  the  outline  of  any  object  of  the  ornamental  class,  or 
for  the  reduction  of  mechanical  drawings  to  a  size  suitable  for  wood  or 
other  engravings,  the  strip  of  horn  m  ill  be  found  particularly  useful  ; 
indeed,  to  obtain  any  degree  of  precision,  it  wnll  be  better,  generally, 
to  let  the  tracer  follow  a  guiding  edge  placed  over  the  original  for 
that  purpose.  French  curves  are  particularly  useful,  although  perhaps 
only  a  small  piece  may  be  available  at  once.  The  tracer  may  rest  on 
the  surface  until  another  part  of  the  curve  is  found  to  correspond  with 
the  contiiniation  of  the  line. 

"  In  some  old  pantographs  a  guide  is  fixed  to  the  tracing  point. 
The  guide  is  a  kind  of  handle  similar  to  a  drawing  pencil,  the  point 
of  which  is  hinged  to  the  point  of  the  tracer.  This  gives  a  convenient 
and  firm  hold  of  the  i")oint,  and  appears  to  the  author  a  useful  appendage. 
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"  Pantograplis  have  been  made  in  many  shapes  unnecessary  to 
describe,  as  they  are  all  of  one  principle — that  of  a  parallelogram 
jointed  at  the  four  corners ;  the  principal  difference  being  in  the 
position  of  the  points  and  fulcrum  in  relation  to  the  parallelogram. 
One  thing  is  essential  in  every  construction, — that  is,  that  the  fulcrum, 
tracer,  and  jjencil  should  always  be  in  a  true  line  when  the  instrument 
is  set  for  use.  The  parallelogram  may  be  in  any  position  on  the 
instrument,  to  the  fancy  of  the  maker. 

^^  The  Eidof/raph  was  invented  by  Professor  Willis  in  1821.  It 
is  a  most  ingenious  and  exact  instrument,  for  many  purposes  superior 
to  the  pantograph,  within  the  range  of  its  working  powers,  which, 
how^ever,  may  be  considered  to  be  limited  to  reducing  or  copying  off, 
between  tlie  full  size  of  the  original  and  one-third  of  the  size ;  for 
greater  reductions,  the  balance  of  the  various  parts  is  thrown  so  far  out 
that  it  appears  clumsy  to  use,  and  is  really  inferior  to  the  pantograph. 
The  great  merit  of  the  eidograph  is,  that  within  its  range  it  reduces 
conveniently  and  exactly  in  all  proportions ;  for  instance,  we  may 
reduce  in  the  proportion  of  9  to  25  as  readily  as  1  to  2.  It  is  also  in 
every  way  superior  to  the  pantograph  in  freedom  of  action,  tliere 
being  no  sensible  friction  on  the  single  fulcrum  of  support,  and  in  its 
movement  it  covers  a  greater  surface  of  reduction. 

"  It  is  somewhat  curious  that  an  instrument  of  such  great  merit 
should  be  little  known  in  the  profession,  wdiere  its  uses  would  be  so 
constantly  convenient.  This  may  partly  be  attributed  to  the  very 
few  published  descriptions  which  are  to  be  found  in  works  treating 
on  mathematical  instruments.  It  is  not  intended,  how^ever,  to  infer 
that  there  are  not  many  eidographs  in  use,  but  that  the  writer  presumes 
they  are  comparatively  little  known,  from  his  personal  acquaintance 
with  professional  men,  and  from  the  number  of  large  pantographs  that 
arc  made  and  sold  to  perform  woik  that  could  be  done  so  much  more 
exactly  and  conveniently  by  the  eidograph.  This  remark  will  not 
apply  to  the  small  pantograph,  which  is  less  expensive  than  a  small 
eidograph,  and  answers  perfectly  for  the  reduction  of  small  plans — as, 
for  instance,  those  frequently  attached  to  leases  and  conveyances. 
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"  Tlie  details  ui"  the  coii.struetiou  of  the  eidogTaph  arc  as  follows  : — 
The  point  of  support  is  a  heavy,  solid,  leaden  weight,  which  is  entirely 
covered  with  brass;  from  the  under  side  of  the  weight  three  or  four 
needle  points  project,  to  keep  it  in  firm  contact  with  the  drawing. 
Upon  the  upper  side  of  the  weight  a  pin,  termed  a  fulcrum,  is 
erected,  upon  which  the  whole  instrument  moves.  A  socket  is  ground 
accurately  to  fit  tlie  fulcrum,  and  attached  to  a  sliding  box,  which  fits 
and  slides  upon  the  centre  beam  of  the  instrument.  The  sliding  box 
may  be  clamped  to  any  part  of  tlie  beam  by  a  clamping  screw  attached. 
Under  the  ends  of  the  beam  are  placed  a  pair  of  pulley  wheels,  which 
should  be  of  exactly  equal  diameter ;  the  centre  pins  of  these  revolve 
in  deep  socket  fittings  upon  the  ends  of  the  beam.  The  action  of  the 
two  wheels  is  so  connected  as  to  give  them  exact  and  simultaneous 
motion.  This  is  effected  by  means  of  two  steel  bands,  which  are 
attached  to  the  wheels.  The  bands  have  screw  adjustment  to  shorten 
or  lengthen  them,  or  to  bring  them  to  any  degree  of  tension.  Upon 
the  under  side  of  each  of  the  pulley  wheels  is  fixed  a  box,  through 
which  one  of  the  arms  of  the  instrument  slides,  and  is  clamped  where 
required.  At  the  end  of  one  of  the  arms  a  socket  is  fixed  to  carry  a 
tracing  point,  at  the  end  of  the  other  arm  a  similar  socket  is  fixed  for 
a  pencil.  The  pencil  socket  may  be  raised  by  a  lever  attached  to  a 
cord,  which  passes  over  the  centres  of  the  instrument  to  the  tracing 
point.  The  two  arms  and  beam  are  generally  made  of  square  brass 
tubes,  and  are  divided  exactly  alike  into  200  equal  parts,  which  are 
figured  so  as  to  read  100  each  way  from  the  centre,  or  by  the  vernier 
cut  in  the  boxes  through  which  the  arms  and  beam  slide  they  may  be 
read  to  1000. 

"  There  is  a  loose  leaden  weight  which  fits  upon  any  part  of  the 
centre  beam,  packed  in  the  box  with  the  instrument.  The  weight  is 
used  to  keep  the  instrument  in  pleasant  balance  when  it  is  set  to 
proportions  which  would  otherwise  tend  to  overbalance  the  fulcrum 
weight. 

"  In  the  above  details  it  will  be  particularly  observed  that  the 
pulley  wheels  must  be  of  exactly  equal  diameters.     It  is  upon  this  that 
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chiefly  depends  the  accuracy  of  the  instrument,  the  periphery  of  these 
wheels  being  the  equivalent  to  the  parallelogram,  which  has  been 
already  described  as  the  essential  feature  of  the  pantograph.  The 
adjustment  of  the  wheels  to  size,  by  turning  in  the  lathe,  is,  perhaps, 
the  reason  the  results  of  the  eidograph  are  more  exact  than  those  of 
the  pantograph,  which  has  no  equivalent  compensation  for  the  always 
possible  inaccuracy  of  workmanship. 

"  From  the  details  just  given,  the  general  principle  of  the  eido- 
graph may  be  easily  comprehended.  Thus,  the  wheels  at  each  end  of 
the  beam  being  of  equal  size,  the  steel  bands  connecting  them  being 
adjustable,  so  as  to  bring  the  wheels  into  any  required  relative  position, 
it  follows,  that  if  the  arms  fixed  to  the  wheels  be  brought  into  exact 
parallelism,  they  will  remain  parallel  through  all  the  evolutions  or 
movements  of  the  wheels  upon  their  centres;  consequently,  if  the 
ends  of  the  arms  be  set  at  similar  distances  from  the  centres  of  the 
wheels,  any  motion  or  figure  traced  by  the  end  of  one  arm  will 
be  communicated  to  the  end  of  the  other,  provided  the  fulcrum  of 
support  be  placed  also  at  a  similar  distance  from  the  centre  of  one 
of  the  wheels. 

"  To  adjust,  or  ascertain  if  the  eidograph  is  in  adjustment,  is  very 
simple,  from  the  reason  that  when  the  arms  are  parallel  the  adjustment 
is  perfect  for  all  proportions.  The  manner  of  ascertaining  this  is  as 
follows :  place  all  the  verniers  at  zero,  which  will  bring  them  to  the 
exact  centres  of  the  arms  and  the  beam,  jolace  the  arms  at  about  right 
angles  with  the  beam,  then  mark  simultaneously  with  the  tracer  and 
pencil  i^oint,  turn  the  instrument  round  upon  its  fulcrum,  so  that  the 
pencil  point  be  brought  into  the  mark  made  b}^  the  tracer ;  then,  if  the 
tracer  fixll  into  the  mark  made  by  the  pencil  the  instrument  is  in 
adjustment.  If  it  should  not  fall  into  the  same  mark,  the  difference 
should  be  bisected,  and  the  adjusting  screws  on  the  bands  should  be 
moved  until  the  tracer  fall  exactly  into  the  bisection,  which  will  be 
perfect  adjustment. 

"  When  the  eidograph  is  in  adjustment,  if  the  three  verniers  be 
set  to  the  same  reading  on  any  part  of  their  scale,  the  pencil  point. 
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fulcrum,  and  tracer  will  l>c  in  a  true  line.  It"  it  sliould  not  Lc  so, 
it  will  show  the  dividing  of  the  instrument  to  be  inaccurate.  Thus 
we  have  a  simple  way  of  testing  the  eidograph  in  every  important 
particular. 

"  The  divisions  upon  the  eidograph  do  not  positively  indicate  the 
reductions  required  to  he  performed  by  the  instrument,  but  merely 
give  a  scale,  which,  with  the  assistance  of  the  vernier,  divides  the 
beam  and  arms  into  1000  parts.  To  obtain  the  quantity  to  which  the 
verniers  are  to  be  set,  it  is  necessary  either  to  apply  to  a  table  of  pro- 
portions relative  to  divisions,  or  to  simple  arithmetic,  as  will  be  shown. 
A  printed  table  is  very  generally  placed  inside  the  lid  of  the  box  in 
which  the  instrument  is  packed,  which  contains  part  of  the  following 
proportions  : 

Table  fob  Rkducikg  or  Enlargikg  Proportions. 


Proportions. 

Divisions  on  Bars. 

Proportions. 

Divisions  on  Bars. 

As  1  is  to  2 

33-333 

1 

;       As  2  is  to  3 

20 

„  1    »     3 

50 

!          >j  2    „      0 

42-857 

»  1    »     4 

GO 

»  3    „     4 

14-285 

„  1    »     5 

66 -006 

»  3    „     5 

25 

»  1    »     « 

71-428 

„  -1    „     5 

11-111 

»  1    ..     7 

75 

'         »  5    „     G 

9-09 

»  1    ,.     8 

77-777 

„  1    „     0 

80 

„  1    „    10 

1 

81-818 

"  The  table  here  given  answers  for  the  general  purposes  of 
reducing,  such  as  the  bringing  of  a  plan  from  one  chain  scale 
to  another,  the  quantities  of  which  are  found  by  the  following 
rule  : 

"  To  find  the  quantity  equal  to  any  given  proportion  for  the  setting 
of  the  eidograph. — Subtract  one  sum  of  the  proportion  from  the  other, 
and  multiply  this  difference  by  100  for  a  dividend;  add  the  two 
sums  of  the  proportion  together  for  a  divisor  :  the  quotient  from  the 
working  of  this  will  give  the  number  to  which  the  arms  and  beam  are 
to  be  set. 
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"For  instance,  let  it  be  required  to  reduce  a  drawing  in  the 
proportion  of  3  to  5. 

5-3  =  2 

X  100 

5  +  3  =  8)  200  (25 

"  The  centre  beam  is  to  be  set  to  25  on  the  side  nearest  tlie  pencil 
point,  the  pencil  arm  is  also  set  to  the  25  nearest  the  pencil  point, 
and  the  tracer  arm  is  set  to  the  25  farthest  from  the  trace.  If  it 
were  required  to  enlarge  in  the  same  proportion,  each  side  w^ould 
have  to  be  set  at  the  opposite  25. 

"  To  clearly  illusti'atc  the  subject,  it  may  be  w^ell  to  give  another 
example.  Let  it  be  required  to  reduce  an  ordnance  plan  of  five  feet 
to  the  mile  to  a  scale  of  three  chains  to  the  inch.  First,  we  must  have 
like  terms,  therefore  to  reduce  both  proportions  to  feet  to  the  inch 
will,  in  this  instance,  be  the  most  simple  way  ;  thus: 

5  feet  to  the  mile       =    88  feet  to  the  inch. 
3  chains  to  the  inch  =  198  „ 

198  -  88  =  110  • 

100 


198  +  88  =  286)  11000  (38-461 

"If  the  slides  of  the  instrument  be  set  to  38'46,  it  will  be,  prac- 
tically, sufficiently  near." 

Photography  is  also  frequently  resorted  to  for  the  purpose  of  re- 
ducing and  enlarging  drawings.  The  results  are  satisfactory  within 
certain  limits  of  size ;  for  it  is  obvious  that  when  the  drawing  is  large, 
the  parallel  lines  w^ill  converge  in  the  photograph,  for  reasons  which 
will  be  understood  from  the  laws  of  perspective.  For  enlarging  small 
and  intricate  drawings,  photography  is  very  useful.  In  preparing 
drawings  for  reduction  by  this  process,  all  lines  and  shadows  should 
be  put  in  in  Indian  ink  only.  For  optical  reasons,  colour  cannot 
be  reproduced  by  photography,  and  as  certain  colours  produce 
an  effect  which  might  not  be  anticipated  by  the  inexperienced,  it 
will  be  well  to  warn  such  against  these  effects,  to  prevent  disap- 
pointment at  the  results  obtained.      Thus  blue,  for  instance,  shows 
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very  indistinctly,  and  yellow  suriaces  in  coloured  drawings  come  out 
very  dark. 

Drawings  for  Llthoijraphers  and  Engravers. — Tlic  drawings  re- 
quired by  the  lithographic  draughtsman  are  simply  outline  drawings 
or  tracings,  with  the  shaded  drawing  for  reference  when  such  is 
required.  The  shaded  drawing  should  be  traced  when  in  outline  only 
Avitli  a  fine-pointed  pencil,  not  too  hard.  The  engraver  prefers  such  a 
tracing  to  the  drawing  itself,  unless  he  can  have  the  latter  before  it  is 
shaded.  lie  will,  however,  require  the  shaded  drawing  as  a  guide  in 
copying  in  the  shadows.  As  the  drawing  always  gets  soiled  under 
such  circumstances,  unless  protected,  it  is  prudent  to  place  it  upon  a 
board  of  the  exact  size,  with  a  glass  over  it  to  fit,  the  glass  being  kept 
in  its  place  by  a  strip  of  paper  jDasted  round  the  edge.  The  drawing 
will  not  be  required  at  all  if  only  an  outline  engraving  is  to  be  made. 
In  that  case,  the  lines  that  are  to  be  shade  lines  must  be  indicated  on 
the  pencil  tracing;  a  dot  in  red  ink  on  each  of  such  lines  will  be 
sufficient. 

A  scale  should  always  be  put  upon  lithographs  and  engravings, 
instead  of  merely  stating  that  it  is  drawn  to  some  particular  scale, 
because  the  paper  just  before  receiving  the  impression  is  damped,  and 
consequently  expands.  For  this  reason,  no  engraving  is  of  the  same 
size  as  the  original  drawing ;  and  as  the  degree  of  moisture  varies,  no 
two  engravings  from  the  same  plate  ever  are  exactly  equal  in  size. 
Hence  the  necessity  for  drawing  the  scale  is  obvious. 

The  Plate  relating  to  this  Section  is  No.  26. 
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To  comimte  the  Sides  of  Triangles. — Let  A  B  C  bo  tlie  angles  of  a  plane 
triauo-le,  and  ah  c  the  sides  opposite.      Tlien,  for  right-angled  triangles,  wo 

have 

b  =  a  sin.  B 

h  =  c  tan.  B  h  =  c  cot.  C 

c  =  a  COS.  ]?  c  =  h  cot.  B 

c  =b  tan,  C 

and  for  oblique-angled  triangles  we  have 

a  sin.  B 


b  = 


sin.  A 

n  sin.  C 
sin.  A 


To  compute  the  Areas  of  Triangles. — When  two  sides  and  the  included  angle 
are  known,  a  and  h  representing  the  two  sides  and  6  the  included  angle, 

_  a  &  sin.  6 

To  find  by  logarithms  the  area  in  acres  and  decimals  of  an  acre, 

Log.  A  =  log.  a  +  log.  b  +  log.  sin.  6  —  15-30103. 

When  two  .angles  and  the  included  side  are  known,  /3  and  6  being  the 
angles  and  a  the  included  side, 

_  u"^  sin.  /3  sin.  6 
"  2  sin.  (/3  +T) ' 

To  find  by  logarithms  the  area  in  acres  and  decimals  of  an  acre. 

Log.  A  =  2  log.  a  +  log.  sin.  ^  +  log.  sin.  6  -  log.  sin.  (/3  +  (9)  —  15-30103. 

When  the  three  sides  are  known,  ahe  being  the  three  sides  and  s  their 
half  sura, 

A  —  a/  s  (^s  -  a)  (s  —  5)  (s  —  c). 

To  find  by  logarithms  the  area  in  acres  and  decimals  of  an  acre, 

log,  s  +  log,  (s  -  o)  +  log,  (s  -  b)  +  log,  (s  -  c) 
Log.  A  = = -  5. 
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Inclined  Measure. 

Taiii.k  showing  the  Ukduction  in  Links  anu  Decimals  ok  a  Link  to  de  maijk  veh  (Juain 

I'OK    KVKUY    HaM'   DeGUEK   OE    INCLINATION    FROM    3'^   TO   30'^. 
(100  X  versed  sine  of  tho  iiiclinatioii.) 


Aiif^le. 

i;.tURtioii. 

Aiit;lo. 

l;.dt 

(tion. 

O     1 

O     1 

3   0 

0 

15 

12  30 

2 

37 

3  30 

0 

19 

13   0 

2 

56 

4   0 

0 

24 

13  30 

2 

76 

4  30 

0 

31 

14   0 

2 

97 

f)   0 

0 

38 

14  30 

3 

19 

5  30 

0 

46 

15   0 

3 

41 

6   0 

0 

55 

35  30 

3 

64 

G  30 

0 

64 

1    16   0 

3 

87 

7   0 

0 

73 

16  30 

4 

12 

7  30 

0 

86 

17   0 

4 

37 

8   0 

0 

97 

17  30 

4 

63 

8  30 

10 

18   0 

4 

89 

9   0 

23 

18  30 

5 

17 

9  30 

37 

19   0 

5 

45 

10   0 

53 

19  30 

5 

74 

10  30 

67 

20   0 

6 

03 

11   0 

84 

20  30 

6 

33 

11  30 

2 

01 

21   0 

6 

64 

12   0 

2 

19 

21  30 

6 

96 

AugW 


22 

0 

7 

28 

22 

30 

7 

61 

23 

0 

7 

95 

23 

30 

8 

29 

24 

0 

8 

65 

24 

30 

9 

01 

25 

0 

9 

37 

25 

30 

9 

74 

26 

0 

10 

13 

26 

30 

10 

51 

27 

0 

10 

90 

27 

30 

11 

•30 

28 

0 

11 

■71 

28 

30 

12 

11 

29 

0 

12 

53 

29 

30 

12 

96 

30 

0 

13 

•40 

Curvature  and  Refraction. 

Table  of  Corrections  in  Feet  and  Decimals  of  a  Foot. 


]  )lstanco 
In  Miles. 


i 
i 
i 

1 

li 

2 

2i 

3 

3i 
4 

4J 


Refraction. 


•04 
17 
■37 
■67 
■50 
■67 
•17 
■00 


8-17 
10-67 
13-r,ri 


•01 
•02 
•05 
•09 
•21 
•38 
•60 
•86 
•17 
•52 


Correction  for 
Curvature  and 
Kcfraction.     i 


03 
15 
32 
■58 
■29 
■29 
•57 
■14 
■00 


9-15 


Distance 
iu  Miles. 


Refraction. 


Correction  for 
Cur\'ature  and 
1     ReJVuctlon. 


5.i 
6 
6i 
7 

7i 
8 
8i 
9 
9i 
10 


16-67 
20^18 
24^01 
28^18 
32^68 
37  52 
42-69 
48-19 
54^02 
60^20 
66  -  70 


2 

38 

2 

88 

3 

43 

4 

03 

4 

67 

5 

36 

6 

10 

6 

88 

7 

72 

8 

60 

9 

.-') 

14-29 
17^30 
20^58 
24^15 
28^01 
32  •  16 
36-59 
41-31 
46-30 
51-60 
,'7-17 
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INDEX. 


A. 

Angle,  to  bisect,  16 

,  to  construct,  equal  to  a  given  angle,  17 

,  to  draw  a  line  making  a  given,  15 

of  light  in  mechanical  drawings,  48 

in  topographical  drawings,  54 

Arch,  Gothic,  equilateral,  to  draw,  23 

, lancet,  to  draw,  24 

, obtuse,  to  draw,  24 

, ogee,  to  draw,  25 

, Tudor,  to  draw,  24 

,  Lloorish  horse-shoe,  to  draw,  24 

,  semi-elliptical,  to  construct,  23 

Architectural  drawings,  121 
Arcs,  centres  of,  to  be  marked,  10 
Areas  to  triangles,  to  compute,  142 

B. 

Bisecting  an  angle,  16 
IJlacklead  paper,  8 
Book  of  reference,  97,  101 
Books  for  field  sketching,  115 
Borders  and  corners,  69 
Borings,  104 
Bottle  indiarubber,  9 
Boundary  maps,  104 
Bows,  2 

,  spring,  2 

Broken  lines,  30 
Brushes  for  tinting,  41 

Buildings — plans,  sections,  and  elevations,  posi- 
tion of,  on  drawing,  125 


CABI50NIC  paper,  8 
Cartridge  paper,  6 
Centre  lines,  10 


c. 


10 


CS,  iU  

•,  care  to  be  taken  in  placing  correctly,  \   Com; 


Centre  of  circle,  to  find  the,  18 

Centres  of  arcs  to  be  marked,  10 

Cinquefoil,  Gothic,  to  draw,  26 

Circle,  to  describe,  through  three  given  points,  17 

,  to  draw  a  tangent  to,  17 

,  to  draw  radii  of,  the  centre  being  inac- 
cessible, 18 

,  to  find  the  centre  of,  18 

Circles,  concentric  drawing,  10 
Cities,  to  represent  size  of,  112 
Civil  engineers'  plans,  96 
Cleaning  drav/ing  pen,  3 
Cleaning  off  drawings,  9 
Cleanliness,  importance  of,  9 

,  precautions  to  be  taken  to  ensui'c,  9 

Cloth,  tracing,  7 

, ,  Sager's  vellum,  7 

, ,  sizes  of,  7 

Colour  for  buildings,  47 

for  cultivated  land,  47 

for  fences,  47 

for  grass-land,  45 

for  gravel,  46 

for  marsh,  45 

for  mud,  46 

for  roads,  47 

for  sand,  46 

for  streets,  47 

for  water,  45 

for  woodland,  46 

for  uncultivated  land,  47 

Colouring  cylindrical  objects,  124 

drawings,  11,  122 

rivers  and  streams,  110 

Colours,  39 

• ,  conventional.  Table  of,  44 

for  sections,  44 
Compasses,  2 

-,  manner  of  using,  2 


IXDEX. 
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Compasses,  pencil  leg  of,  2 

,  jioints  of,  2 

,  removing  movable  leg,  2 

Competiliou  drawings,  paper  lor,  ('> 
Concentric  circles,  drawing,  10 
Construction  of  scales,  11 
Continuous  cartridge  paper,  0 

tracing  paper,  7 

Contour  lines,  37 
Contours,  to  plot,  00 
Conventional  colours.  Table  of,  -li 
Copying  by  tracing,  128 

by  transfer,  129 

drawings,  11,  126 

from  tracing,  11 

Comers  and  borders,  G9 

Cross  sections,  98,  102 

Cultivated  land,  to  represent,  32 

Curvature  and  refraction.  Table  for  correction 

of,  143 
Curved  lines,  29 

,  to  draw,  20 

Cutting  off  drawings,  7,  11,  12 
Cylinders,  various  methods  of  shading,  G4 
Cylindrical  objects,  to  colour,  124 

surfoces,  shade  lines,  50 

,  shading  lines,  51 

C\^lla  recta,  to  draw,  25 
reversa,  to  draw,  25 

D. 

Dexted  drawing-board,  to  remedy,  14 
Detail  plotting,  89 
Dimensions  of  drawing  table,  2 

to  be  written  on  drawings,  122 

Distances,  scales  of,  70 
Dividing  a  line  into  equal  parts,  10 
Dotted  lines,  31 
Dotting  pen,  31 

,  regular,  to  produce,  111 

l)rawiug,  copying  and  reducing,  12G 

,  inking  in  to  commence  from  top  of,  10 

,  stretching  paper  for,  G 

Drawing  concentric  circles,  10 

from  copy,  127 

lines,  10 

Drawing  board,  dented,  to  remedy,  14 

ofilce,  essentials  of,  1 

,  gaslights,  2 

,  position  of  windows,  1 


Drawing  office,  skylights  unsuitable,  1 

1  taper,  sectional,  8 

,  to  join  sheets  of,  12 


ipen 


pen, 


-,  sizes  of,  5 

-,  cleaning,  3 

-,  more  than  one  reepiired, 

-,  setting,  3 

-,  supplying  with  iuk,  3 


table,  dimensions  of,  2 
-,  position  of,  2 


Drawings,  cleaning  off,  9 

,  competition,  paper  for,  G 

,  colouring,  11 

,  cutting  off,  7,  11,  12 

,  ink  for,  8 

,  margin  to  be  left,  11 

,  mechanical  and  architectural,  121 

,  parchment  for,  8 

,  to  colour,  122 

,  to  preserve  rolled,  12 

,  to  reduce  or  enlarge,  130 

,  to  remove  grease  spots  from,  10 

,  to  varnish,  14 

for  lithographers  and  engravers,  141 

for  specifications  for  letters  patent,  8 

Dusters,  2 


ElDOORAPH,  136 

,  method  of  setting,  139 

,  table  for  setting,  130 

,  to  adjust,  138 

Elevation  of  trees,  36 

Ellipse,  to  draw,  21 

Elliptical  arch,  to  construct  a  semi-,  23 

Encamping  groimds,  112 

Engravers,  drawings  for,  141 

Enlarging  by  instruments,  131 

by  scales,  130 

by  squares,  130 

Equal  parts,  to  divide  a  line  into,  15 
Equidistant  and  parallel  lines,  to  draw,  28 
Equilateral  arch,  to  draw,  23 

triangle,  to  construct,  on  a  given  base,  16 

Erasure  of  ink  lines,  11 

of  pncil  marks,  9 

Error-sheets,  91 

,  examples  of,  92 

Errors,  iU 

IT 


MG 


INDEX. 


Essentials  of  drawing  ofllco,  1 

Estate  plans,  107 

Examination  oi'  maps  and  plans,  117 

F. 

Ferriks,  111 

Field-book,  example  of,  SO 

Field  sketcliintr,  111 

Fir-graining,  32 

Fiat-tints,  40 

Formula^  trigonometrical,  142 

G. 

Gaslights  in  drawing  office,  2 
Glass-paper  to  erase  ink  lines,  11 
Glue  for  mounting  paper,  6 
Gothic  cinquefoil,  to  draw,  20 

equilateral  arch,  to  draw,  23 

lancet  arch,  to  draw,  24 

obtuse  arch,  to  draw,  24 

ogee  arch,  to  draw,  25 

quatrefoil,  to  draw,  26 

trefoil,  to  draw,  25 

Tudor  arch,  to  draw,  24 

Gradients,  to  lay  down,  U5 
Graining,  fir,  32 

,  oak,  32 

,  wood,  32 

Grass-land,  to  represent,  34 

Gravel,  to  represent,  35 

Grease  spot,  to  remove  from  drawing,  10 


Hexagon,  to  describe  a  regular,  21 
Hills,  representation  of,  38 

,  sand,  to  represent,  3G 

,  shading,  horizontal  sN'stem,  53 

. , ,  vertical  system,  57 

,  sketching,  shading,  and  copying,  113 

Horizontal  zones,  38 
Horse-shoe  arch,  to  draw,  24 


Importaxce  of  cleanliness,  9 

Inclined  measure,  Table  for  correction  of,  143 

Indian  ink,  8 

■ ,  preparation  of,  for  drawing,  9 

,  quality  of,  9 


Indiarubber,  native  or  bottle,  9 

,  vulcanized,  9 

Ink  for  drawings,  8 

,  Indian,  8 

,  preparation  of,  9 

,  quality  of,  9 

lines,  erasure  of,  11 

,  to  avoid  smearing,  10 

slab  or  saucer,  position  of,  when  in  use, 

10 
Inking  in  to  commence  at  top  of  the  drawing, 

10 
Instruments,  2 

,  quality  of,  2 

Islands,  110 


Joining  sheets  of  paper,  12,  13 
Jungle,  112 

L. 

Lakes,  outline  of,  30 

Lancet  arch,  to  draw,  24 

Land,  cultivated,  to  represent,  32 

,  uncultivated,  to  represent,  37 

Lead-pencil  marks,  erasure  of,  9 
Lettering,  66,  122 

,  position  of,  on  plans  and  maps,  09 

Letters,  arrangement  of,  in  titles,  &c.,  G8 

,  kinds  to  employ,  07 

,  mechanical  construction  of,  GO 

,  size  of,  07 

Level-book,  example  of,  94 

Line,  dividing  into  equal  parts,  10 

,  regular  pentagon  on  a  given,  20 

,  to  bisect  a  given  straight,  15 

,  to  construct  a  square  on  a  given,  19 

,  to  divide  a,  into  equal  parts,  15 

,  to  draw  a,  making  a  given  angle,  15 

,  to  erect  a  perpendicular  to,  15 

Lines,  drawing,  10 

,  broken,  30  ,    ^ 

,  centre,  10,  122 

,  combinations  of,  31 

,  curved,  to  draw,  29 

,  curved  and  straight,  27 

,  contour,  37 

,  dotted,  31 

,  ink,  to  avoid  smearing,  10 

■ ,  parallel  and  equidistant,  to  draw,  28 


iM>i;x, 


17 


I. i lies,  rcfurcnco,  78 

,  section,  2'J 

, ,  to  draw,  liS 

,  sluule,  api'licatiou  of,  18 

,  shading,  50 

, ,  ia  tojiograpliiciil  drawings,  oli 

,  straight,  diflicultics  in  ruling;,  'J7 

, ,  to  draw,  27 

,  wavy,  33 

of  greatest  descent,  57 

ol"  uneven  thickness,  30 

Litliograjjliers,  drawings  for.  111 

Local  Government  Board,  reguhitions  of,  10 1 

M. 

Maciiine-madk  paper,  (J 
]\Iacliinery,  roiigli  sketches  of,  121 
INIanner  of  using  compasses,  2 
Map  drawing,  109 
]Mai)S,  boundary,  10-1 

,  Held,  examination  of,  118 

,  signs  used  in,  120 

for  division  into  wards,  101 

i\Iargin  to  drawings,  width  of,  11 

]\Iarshy  ground,  to  represent,  35 

Mechanical  drawings,  121 

Mile  stones,  112 

^Mining  plans,  lOG 

Moorish  horse-shoe  arch,  to  draw,  21 

]\Iore  than  one  drawing  pen  required,  3 

^Mountain  passes,  111 

Mounting  paper,  glue  for,  (5 

on  stretchers,  13 

tracings,  129 

Mud  in  rivers,  to  represent,  3G 

N. 

Kative  indiarubbcr,  9 
Needle  to  erase  ink  lines,  11 
North  points,  GO 
Northings  and  southings,  87 


0. 

Oak-graining,  32 
Obtuse  arch,  to  draw,  24 
Ogee  arch,  to  draw,  25 
Orchanls,  to  represent,  3G 
Outline  of  lakes,  30 


Oiilline  of  jiMuds,  30 

of  rivers,  30 

Oval,  to  construct, the  width  iK-ing  given,  IS 

P. 

rANTOOIlAril,  131 

,  methods  of  setting,  132 

,  tables  for  setting,  133,  131 

,  lo  use,  134: 

I'ajier,  blacklead,  8 

,  carbonic,  8 

,  cartridge,  G 

,  continuous  cartridge,  G 

,  drawing,  5 

, ,  to  join,  12 

, ,  sizes  of,  5 

,  glue  for  mounting,  G 

,  machine-made,  G 

,  sectional,  8 

,  stretching  for  drawing,  G 

,  tracing,  7 

, ,  continuous,  7 

, ,  preparation  of,  7 

, ,  sizes  of,  7 

, ,  to  join,  13 

,  transfer,  8 

, ,  preparation  of,  129 

,  to  join  sheets  of,  12 

,  to  mount  on  stretchers,  13 

for  competition  drawings,  G 

for  large  plans,  G 

Parabola,  to  draw,  base  and  height  being  given, 

21 
Parallel  and  equidistant  lines,  to  draw,  28 
Parchment  for  drawings,  8 
Parliamentary  plans  and  sections,  lOO 

standing  orders,  98 

Paste,  14 

Patent,  drawings  for  siJecifications,  8 

Pathways,  111 

Pen,  dotting  or  wheel,  31 

Pencil  marks,  erasure  of,  9 

leg  of  compasses,  2 

Pencils,  4 

,  pointing,  4 

for  field  sketching,  115 

Pentagon,  to  describe,  on  a  given  line,  20 

Perix>ndicular,  to  erect  a,  15 

Plan  of  trees,  36 

Plans,  civil  engineers'  and  surveyoi-s',  9G 

u  2 


148 
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Plans,  estate  and  town,  107 

,  large,  paper  for,  G 

,  niiniug,  106 

,  railway,  97 

■ ,  parliamentary,  100 

Plotting,  77 

angular  surveys,  81 

contours,  90 

detail,  89 

sounded  i^oints  in  suLnierged  districts,  90 

traverse  reference  lines,  84 

vertical  sections,  92 

Pointing  pencils,  4 
Points  of  compasses,  2 
Ponds,  outline  of,  30 
Position  of  drawing  table,  2 

of  ink  slab  or  saucer  when  in  use,  10 

of  windows  in  drawing  office,  1 

Precautions  to  be  taken  to  ensure  cleanliness,  9 
Prejiaration  of  colours  for  tinting,  40 

of  ink  for  drawing,  9 

of  stretchers,  13 

of  tracing  paper,  7 

of  transfer  paj)er,  129 

Preserving  drawings,  rolled,  12 

a. 

Quality  of  Indian  ink,  9 

■  of  instruments,  2 

Quatrefoil,  Gothic,  to  draw,  2G 

R. 

IvADix  of  circle,  to  draw,  the  centre  being  inac- 
cessible, 18 

Eailway  ^jlans,  97 

sections,  102 

stations  and  termini,  112 

Railways,  112 

llectaugle,  to  construct,  similar  to  a  given  rect- 
angle, 20 

Eectangular  co-ordinates,  to  plot  by,  87 

Peducing  and  enlarging  drawings,  12G,  130 

by  instruments,  131 

by  scales,  130 

by  squares,  130 

Pefcrence,  book  of,  97,  101 

lines  and  jwints,  78 

lines,  secondary,  79 

Picfraction  and  curvature,  Table  for  correction 
of,  143 


Regulations  of  Local  Government  Board,  10 1 
Removing  movable  leg  of  compasses,  2 
liivers,  beds  of,  110 

,  mud  in,  to  represent,  3G 

,  outline  of,  30 

and  streams,  colouring,  110 

,  inking  in,  109 

Roads,  111 

Rolled  drawings,  to  preserve,  12 

Roman  cyma  recta  and  cyma  rcversa,  to  draw, 

25 
Roofs,  to  draw,  30 
Rough  sketches  of  machinery,  121 
Ruling  straight  lines,  diQicuUies  in,  27 
Running  water,  to  represent,  33 

s. 

Sager's  vellum  tracing  cloth,  7 
Sand,  to  represent,  35 

banks,  110 

hills,  to  represent,  3G 

Scales,  70 

,  choice  of,  72 

,  construction  of,  11,  70,  75,  7G 

,  diagonal,  75 

,  vernier,  75 

,  Tables  of,  73,  74 

of  construction,  74 

of  distances,  70 

of  shade,  English,  59 

,  Lehmann's,  57 

y  standard,  53 

,  United  States',  59 

Sectional  drawing  paper,  8 
Section  lines,  29 

of  water,  to  represent,  30 

Sections,  colours  for,  44 

,  cross,  98,  102 

,  parliamentary^  101 

,  railway,  102 

,  to  plot,  from  contour  map,  96 

,  working,  94,  103 

of  wood,  32 

,  vertical,  to  plot,  92 

Semi-elliptical  arch,  to  construct,  23 
Setting  drawing  pen,  3 
Shade  lines,  application  of,  48 

,  cylindrical  surfaces,  50 

Shading,  48 

cylinders,  various  methods,  64 

hills,  horizontal  system,  53 
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SlKulinu;  hills,  vortical  .system,  57 

,  roiuiding  curves,  '>'> 

lines,  50 

,  cylindrical  suii'aces,  51 

in  toposvaphical  drawings, 

in  colours,  03 

-,  cylindrical  surfaces,  Gi 

-,  hill  slopes,  (J3 


Sides  of  triangles,  to  compute,  14.2 
Sizes  of  drawing  papers,  5 

of  tracing  cloth,  7 

of  tracing  paper,  7 

Sketches,  rough,  of  machinery,  121 

Sketching,  field.  111 

Skylights  unsuitable  for  drawing  office,  1 

Sounded  points,  to  plot,  90 

Specifications  for  letters  patent,  drawings  for,  S 

Spring  bows,  2 

Springs,  112 

Square,  to  construct,  equal   to  i,  },  &c.,  of  a 

given  square,  19 
,  to  construct,  in  any  proportion  to  a  given 

square,  20 

,  to  construct,  on  a  given  line,  19 

,  to  construct,  which  shall  be  a  multiple  of 

a  given  square,  19 
Standing  orders  of  Parliament,  93 

water,  to  represent,  29 

Stations,  railway,  112 

,  telegraph,  112 

Straight-ctlgc,  thickness  of,  5 
Straight  line,  to  bisect  a,  15 

lines,  difficulties  in  ruling,  27 

,  to  draw,  27 

and  curved  lines,  27 

Stretchers,  mounting  paper  on,  13 

,  preparation  of,  13 

Stretching  jiaper  for  drawing,  6 

,  glue  for,  6 

Supplying  drawing  pen  with  ink,  3 
Surveyors'  plans,  9G 
Swamps,  to  represent,  35 


Table,  drawing,  position  of,  1 

, ,  size  of,  1 

Table  for  correction  of  curvature  and  refraction, 
1-13 

for  correction  of  inclined  measure,  143 

— —  for  setting  cidograph,  139 


Table  of  conventional  colours,  44 
Tables  for  setting  pantt»graph,  133,  134 
Tangent,  to  draw,  to  a  circle,  17 
Telegraph  lines  ami  stations,  112 
Thickness  of  straight-edge,  5 
Tinting,  39 
Tints,  art  of  applying,  40,  41,  43 

■ ,  brushes  for  applying,  41 

,  double  or  alternate,  42 

,  Hat,  40 

,  preparation  of,  40 

Toll-gates,  111 

Topographical  drawings,  shading  lines  in,  52 

To  remove  grease  spots  from  drawings,  10 

Town  plans,  107 

Towns,  to  represent  size  of,  112 

Tracing,  copying  from,  11 

,  to  copy  by,  128 

cloth,  7 

,  Sager's  vellum,  7 

,  sizes  of,  7 

])aper,  7 

,  continuous,  7 

,  preparation  of,  7 

,  sizes  of,  7 

,  to  join  sheets  of,  13 

Tracings,  to  mount,  129 

Transfer  paper,  B 

,  preparation  of,  129 

Transferring,  to  copy  by,  129 

Traverse  plotting  by  rectangular  co-ordinates, 
87 

reference  lines,  to  plot,  84 

Trees  in  plan,  36 

in  elevation,  36 

,  to  represent,  36 

Trefoil,  Gothic,  to  draw,  25 

Triangle,  equilateral,  to  construct,  16 

,    to  construct,   the   length   of   base  and 

angles  at  base  being  given,  17 

,  to  construct,  the  lengths  of  the  sides  being 

given,  16 

Triangles,  primary  and  secondary,  78 

,  to  compute  the  areas  of,  142 

,  to  compute  the  sides  of,  142 

Trigonometrical  formula',  142 

Tudor  arch,  to  draw,  24 

u. 

Uncultivated  land,  to  represent,  37 
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V. 

Varnishing  drawings,  14 
Vellum  tracing  cloth,  Sager's,  7 
Vertical  sections,  to  plot,  92 
Villages,  to  represent  size  of,  112 
Vulcanized  indiarubber,  9 

w. 

Washes,  art  of  applying,  40,  41,  43 

,  brushes  for,  41 

,  double  or  alternate,  42 

Water,  running,  to  represent,  33 
,  standing,  to  rcin-esent,  29,  33 


Water  in  section,  to  rejirescnt,  30 

Wavy  lines,  33 

Wells,  112 

Whatman's  drawing  papers,  6 

Wheel  pen,  31 

Width  of  margin  to  drawings,  11 

Wiudows,  position  of,  in  drawing  oflice,  1 

Wood-graining,  32 

Wood  sections,  32 

Woodland,  to  rej^resent,  36 

Working  sections,  103 


z. 


Zones,  horizontal,  38 
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tLft 


ITigh  Grx'tircd 


mimmFi^' 


4i;  ■  Mlk- 


D^   in  Oiitnir  ^Q^^  Qjf^^^^yh 


Oftirftrxi  hur  cf  lliU 


Jianrtr 


a 


(uti'ih  i( 


Idii/i    (iirr-iliii 


feE. 


VilL 


aijc 


Fa-n 


Ft}^uj  Rnrlfje  (^ 


JTout  nlinidv 


Mud  1-oi-t 


Tuchi  For(  Jh^. 


Dfscftrd   Yillnifc 


Prinx-ipal  A 

Survey  StaUcfts  //  \\ 


Srccitdary    D"  /\ 


Flay  fcr  Simnino  j 
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Signs  used  in   Indian   &  Colonial   Plans. 


:dl    iirlith 


^ 


Salt    Chnvkn/  LI] 


Silly,  Factury 


fftdiyv   Factory 


Ouqur  FacUry' 


Fvsf  OfTUe. 


itl 
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Dcili     JilUl<f(llcJ*'  I  .  I .  .  I 


Fvlt'cc  pr  TluuiiJi  t>ta.^ 


Aftufisffcitc  's  Eitfrlwrry       -T^l- 


otcne  (!•  rurkii  Ilcusre  -'    b  ^^i    r^ 


O^^jO 


MA 


Mij}irmrtian  MrsqtW'    _^i\^ 


/I'un/ff     Ifrnplc 


1 


cr 


'//r-fiplt   Towa'  r~^ 


A. 


Tvh'tjrupli 


SufiKil  StuiT 


Dviituhuy  PiUnr 


WiH'den  limindtm  Post 


huka  WeU 


Kucha    Well 


revest  <Jicnxjles j^i^^^v::^^.^ 


Lew  Junqles        '''^;^^^^^^^~^ 


I'LATL  rjO 


Jfj.     ^v     JC? 


D 


•^       -«-    .ft!    j^ 


Salt    Y/a.^e 


Salt    Waste  mth  JuniiU  ^      oj^ 


Grass  i/antj/efi 


Jhcrl 


•V- 


Tarn II Hud  Trees  ^-S^c^^  -^^  ^ 


Maiiqcc  Tcpe 


(Wjca    Nut  Tree.'' 


Brtnl  Nujb  Trees 


.^' 


9  0 


7?Tr-s  gaiaxilly  ^       -a       ^ 

2C  ^v  ^    _J^- 


/^t/Zf;    ^/w 


Palm  cr  Tar  Trees 


^eife.-,  -- 


Maiup'nc 


Brutes 


Pad  R«rd 


t~ 


B  Alnrqndjr  Muh. 
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ILITARY         SIGN.S       AND        FORTIFICATIONS 


7?/<   (In   hn( 


WihUiS 


Vv 


Xf,/,/   ,.,.      /'./   .  OOOSOOS 

j.\liluiii'\    ltl,s  oooooa 


-l/i/ 


Infajihy  Em'oiiuxa 


D-i-G 


Cnllrcp  rr  (n  -n  .v  /v  y  /     /tT^ 


.<;^fe^ 


lfi'lll'lu\ 


.•.^^^f 


luKStllllc    fcr  Tmcps        ~0"" 


Inltnifrx  hmidinil 


Vdlaffc  Bin-Ill  ^^'      % 


iinnln'  J'^iii'i ninied       J^ 


Viliaiff  hnuiJixted 


(a 


tSiaifi   Bnq.t 


Jiilifiichiiit  fit  A-       >A 


t  t  T  r 


(xtVdliy  hiH]uijii( 


Park 


Pdli.sitdc 


A 

,AV    l^ 


ixiMajii  .^mim  •  i:tia:: 


rnrnMJB 


Barrier 


J/rr/o/-  tt  ShdL 


^r*e 


Lj^^ 


JUcrk    HciLSf 


11  II  Ni 


ami   Limber 


/hnrmtiiilii'K    nnxfCfVK       Y-  -r  fTTTi  ^  i 


a/'</    Limlicr 


li^^^^^^^b^ 


.Vti/Au-a/    OrcuncL 


SECTION     OF    GLACIS.    DITCH.    RAMPART.    &C 


B  AU^vJufrr  La^  ] 


8.F  N  Spon  London  &.  Nerf  York 
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Military      Signs     and     Fortifications 

liiltnitr\    ('('I, linn  I        I    .    I    i  liilhiilry    Li/ir  L---  Cmvlr\    r,  Ikiiui 


Ciiiii/n    Jj'/ti  t        -  -  -rti 

Cliiiiiii.r  (li  ihae       -^^^^^^^^^^ 
MrrUir  lUitlirx'  Jo  o   o\ 


Ininiis.ohli    fcr  Ci/Kifn 


+ 


(iiUIUtI 

l-icUl  ,f  lUitii 
Si-nUnfl 


*'.'~l^.  /»>  .mf  ■ 


Gabions 


6('/'.'''  '"  I'v.sittin 


Fi(((.saihi: 


Rifit  rcL^ 


I 

t   t   t   t  t         !    (Urn,  ,7/   Mojvh  t    t   t   t   t 


hnfKisAihh-    frr   Artillery  ' ^ 


■nfe 


AbaXi^ 


1 


Fcdciih( 


Cull  DutUrx' 


Jnifxissthli  //T  JiJuiiO} 


Bacfgax/i'  ]Vu(]yoiis 


Frrlil'uii 


Redwt  cr  I'lii-f^c 


r--^\ 


^-h 


\\m 


u 


-ix 


iTrn 


F  A  S  C  I  IN  £  S 


te^*^ 


>.'n 


,^'— ^n,;.?' 


j    i.-.i#'^ 


^. 


,;:i'si5'^: 


.^.^^BL- 


PLAN    OF    BASTIONED    FORT    WITH    LUNETTES 


E  &.  F  N   Spoa.  London  &.  New  York 


Tf^rxj 


00 


o 


Ct) 
O 

o 
o 

a 

.t4 


H 

U 

©i 


University  of  Toronto 
Library 


DO  NOT 

REMOVE 

THE 

CARD 

FROM 

THIS 

POCKET 


